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ABSTRACT 


Various  ways  in  which  ships  and  boats  might  supplement  the 
overall  civil  defense  program  were  investigated.  Both  merchant  and 
reserve  ("mothball")  fleet  ships  were  considered  for  the  part  they 
might  play  in  a  lifesaving,  life-sustaining  civil  defense  capacity. 

Data  for  two  port  cities  were  analyzed  to  obtain  information  on 
population  distribution  and  shipping  activity.  Engineering  feasibility 
studies  were  made  of  the  use  of  ships  as  personnel  shel  .ers  and  the 
availability  of  ships'  utilities  for  use  by  shore  Installations.  The 
protection  offered  from  nuclear  falDout  radiation  was  calculated  for 
two  classes  of  ships.  It  was  concluded  that  ships  and  boats  could 
provide  evacuation  or  fallout-shelter  facilities,  or  both,  before 
or  during  a  nuclear  attack.  For  the  postattack  situation,  ships  could 
serve  as  headquarters,  hospitals,  living  quarters,  storehouses,  and 
prime  producers  of  electrical  power  and  potable  water.  It  is  recom¬ 
mended  that  further  studies  be  made  of  selected  port  cities  to  deter¬ 
mine  how  ships  and  boats  could  best  be  used  to  supplement  present 
civil  defense  capabilities  of  these  cities. 
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SUMMABY  PAGE 


The Problem 


A  serious  shortage  of  suitable  fallout  shelter  spaces  exists  in 
many  areas  of  the  country.  Further,  shortages  of  food,  fuel  supplies, 
electrical  power,  and  potable  water  might  occur  following  a  nuclear 
attack.  Might  ships  and  boats  be  used  to  help  alleviate  these  short¬ 
ages?  This  study  was  undertaken  to  assess  the  use  of  merchant  ships, 
boats,  and  ships  of  the  reserve  ("mothball")  fleets  in  the  present 
civil  defense  program. 

Findings 

With  sufficient  warning  of  a  nuclear  attack,  merchant  ships  and 
boats  could  evacuate  up  to  12,500,000  persons  from  target  areas.  In 
addition/,  Naval  reserve  fleets  with  only  minor  modifications  could  be 
used  to  house  another  500,000  persons.  Further,  at  a  cost  of  about 
$90  per  occupant,  80O  of  the  Liberty  ships  (currently  being  scrapped 
at  the  rate  50  per  year)  in  the  Maritime  Administration's  reserve 
fleets  could  be  converted  into  ship  shelters  that  would  accommodate 
an  additional  8,000,000  persons. 

In  the  immediate  postattack  phase,  passenger  ships,  converted 
Liberty  ships,  and  surplus  battleships  could  be  used  for  civil  defense 
headquarters,  hospitals,  communication  centers,  etc.  Tankers  in  the 
reserve  fleets  could  be  used,  at,  modest  cost,  to  store  some  8,000,000 
barrels  of  fuel  which  would  be  a  substantial  adjunct  to  the  50,000,000 
barrels  of  fuel  that  ml^t  be  salvaged  from  merchant  tankers  surviving 
the  attack.  An  alternate  use  of  the  8OO  Liberty  ships  in  the  reserve 
fleets  would  be  to  store  sufficient  wheat  at  widely  scattered  locations 
to  feed  60,000,000  people  for  6  months.  Merchant  ships  could  supply 
the  minimum  water  requirements  of  large  segments  of  the  population. 
Ships  in  the  reserve  fleets  could  be  activated  to  provide  4-00,000  kw 
of  electrical  power  to  shore  installations. 

Successful  utilization  of  ships  and  boats  for  civil  defense 
functions  can  be  eichieved  if  (l)  the  intended  uses  are  well  defined  and 
documented,  (2)  all  cognizant  government  agencies  agree  to  participate 
in  such  utilization,  and  (3)  ships  intended  for  such  use  are  promptly 
diverted  from  the  scrap  program. 
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Rec  oinmendat  1  ons 


One  or  Wo  port  cities  should  be  selected  for  a  detailed  study 
to  determine  how  ships  and  boats  might  be  integrated  most  effectively 
and  efficiently  in  existing  civil  defense  plans. 
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This  fleet  covers  an  area  of  84  city  blocks. 

(photo  courtesy  Maritime  Administration) 


SECTION  1 


IlfrROIXJCTION 


1.1  PROBLEM  AND  BACKGROUl^D 

As  a  part  of  its  overall  study  of  suitable  shelters  throughout 
the  nation^  the  Office  of  Civil  Defense  (OCD)  is  interested  in 
determining  possible  shelter  spaces  that  might  be  available  through 
unconventional  sources,  including  ships  and  boats.  Ships  and  boats 
were  also  to  be  considered  for  other  possible  civil  defense  uses, 
including  food  and  supply  storage,  electricity  generation,  water 
purification,  and  civil  defense  headquarters .  The  purpose  of  this 
study  then  is  a  broad  one,  intending  to  delineate  the  possible  civil 
defense  applications  of  ships  and  boats,  and  to  evaluate  the  ultimate 
usefulness  of  these  vessels  in  the  national  civil  defense  effort. 

Callahan  et  al.l  investigated  the  possibility  of  using  ships  and 
boats  as  fallout  shelters.  The  vessels  would  be  anchored  in  the  middle 
of  large  bodies  of  water  to  reduce  the  radiation  contribution  from  the 
fallout-contcininated  shore  while  reducing  that  from  fallout  deposited 
in  the  water  because  of  the  shielding  characteristics  of  the  water. 

They  found  that  a  reduction  factor^-  of  0.01  could  be  obtained  by  various 
combinations  of  river  width,  off-shore  distance,  and  depth.  For 
example,  for  an  average  depth  of  50  ft,  the  vessel  would  have  to  be 
anchored  near  the  middle  of  an  lOOO-ft-wlde  river  to  obtain  a  reduction 
factor  of  0.01.  The  river  must  be  at  least  17  ft  deep  (with  on  asso¬ 
ciated  width  of  3000  ft  or  more)  in  order  to  attain  a  reduction  factor 
of  0 . 01 . 


*  The  reduction  factor  is  defined  as; 

dose  rate  at  the  sheltered  location,  3  ft  above  the  deck 
dose  rate  at  3  ft  above  an  infinitely  contaminated  land  surface 
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Callahaji  et  al.  did  not  consider  concomitant  radiation  either 
i’rom  fallout  deposited  on  the  deck  of  the  vessel  or  from  transit 
radiation  from  the  radioactive  cloud  passing  overhead. 

In  broad  terras,  Callahan  et  al.  showed  that  evacuation  of  persons 
by  ships  and  boats  would  provide  an  estimated  2,OOC,000  to  000, 000 

shelter  spaces,  for  the  entire  nation.  Of  particular  interest  was  the 
distribution  of  these  potential  ship  and  boat  shelter  spaces  in  areas 
where  conventional  basement  shelters  were  often  totally  inadequate  due, 
in  many  cases,  to  the  presence  of  high  water  tables. 

p 

Rubenstein  investigated  in  some  depth  the  possible  use  of  the 
National  Defense  Reserve  Fleet  (NDRF),  which  is  under  the  j\irisdictlon 
of  the  Maritime  Administration  (MARAD),  for  civil  defense  pxxrposes. 

That  report,  based  on  an  ad  hoc  study  by  representatives  from  Depart¬ 
ment  of  Agriculture,  Department  of  Health,  Education,  and  Welfare, 
MARAD,  and  OCD,  recommended  that  scrapping  of  surplus  ships  in  the  NDRF 
be  discontinued  until  the  desirability  of  the  following  proposals 
could  be  fully  evaluated: 

(l)  Hie  Department  of  Agriculture  would  distribute  surplus 
food  strategically  among  all  the  states,  using  NDRF  vessels  where 
feasible . 


(2)  The  Public  Health  Service  would  consider  the  use  of  NDRF 
vessels  for  emergency  hospitals  and  for  warehousing  medical  supplies. 

(3)  The  National  Association  of  State  Civil  Defense  Directors 
would  undertalte  a  pilot  study  to  determine  the  feasibility  of  using 
NDRF  ships  for  emergency  operations  at  the  state  and  local  level  for 
civil  defense  training  centers,  as  auxiliary  electric-power  installa¬ 
tions,  etc. 

The  Public  Health  Service  recently  ccrapleted  a  study^  in  which 
they  concluded  that  the  conversion  of  surplus  EC-2-S-C1  (Liberty)  ships 
for  the  accommodation  of  mobile  medical-core  facilities  was  not  de¬ 
sirable;  land  storage  of  medico],  supplies  seemed  more  advantageous. 

A  preliminary  study  by  the  Public  Health  Service  in  1957  had  reached 
similar  conclusions,  but  also  suggested  the  possibility  of  using 
commercial  passenger  ships  for  emergency  hospital  centers.  The  objec¬ 
tions  to  using  surplus  Liberty  ships  include  the  cost  of  conversion, 
cost  of  maintenance,  and  the  possible  difficulty  in  moving  the  ships 
into  population  centers  after  attack. 


2 


The  Naval  Civil  Engineeriiis  Laboratory  has  studied  the  feasibility 
of  using  obsolete  SS-212  (GATO)  class  submarine  hioUcs  as  protective 
shelters.  They  estimated  that,  for  $60,000,  a  suitably  modified 
submarine  hulk  coiald  be  moved  into  a  dredged  slip  in  a  beach  area  and 
covered  with  sand.  The  resultant  shelter,  equipped  with  a  new  entrance, 
an  electrical  system,  and  a  ventilation  layout,  would  provide  I38  bunk 
spaces,  protection  against  airblast  overpressures  of  I30  psi,  and 
radiation  protection  equivalent  to  8  ft  of  sand  cover.  Althoxigh  deemed 
economically  feasible,  no  subsequent  action  has  been  taken  because  the 
total  number  of  surplus  hvQks  is  quite  small— less  than  50* 

1.2  OBJECTIVES 

This  study  was  conducted  to  evaluate  all  ways  in  which  every 
available  ship  and  boat  might  be  used  to  support  the  civil  defense 
effort.  More  specifically,  investigations  were  to  be  made  of  (l)  the 
feasibility  of  using  ships  and  boats  as  fallout  shelters  or,  alterna¬ 
tively,  for  evacuation;  (2)  the  use  of  reserve  fleets,  either  in  situ 
or  as  otherwise  deemed  practical;  (3)  the  use  of  ships  for  storage  of 
food,  fuel,  and  other  strategic  supplies;  (4)  the  capabilities  of 
ships  to  provide  utilities  to  shore  installations;  and  (5)  the  use  of 
ships  as  civil  defense  headquarters,  hospitals,  or  communication  centers. 

To  attain  these  objectives,  it  was  necessary  to  consider  the  type 
of  fallout  situation  that  might  be  encountered,  the  availability  of 
ships  and  boats,  the  shielding  characteristics  of  ships  and  boats,  the 
evacuation  of  person  to  loading  points,  the  costs  involved  in  the 
various  proposed  uses,  and  the  probable  nationwide  potential. 

It  is  not  the  intent  of  this  report  to  suggest  ways  in  which  ships 
can  cojtrpete  with  shore-based  shelters,  warehouses,  utilities,  etc. 
Rather,  the  emphasis  is  on  how  ships  can  supplement  existing  shore 
installations  as  necessary  or  furnish  the  desired  service  when  shore 
facilities  are  totally  Inadequate.  In  brief,  this  report  discusses 
how  the  unique  characteristics  "'f  ships  and  boats  can  best  be  utilized 
in  the  civil  defense  effort. 

1.3  CIVIL  DEFENSE  REQUII^ENTS  AS  A  FUNCTION  OF  TIME 

Depending  on  the  attack  time  continuum  civil  defense  activity 
will  vary  greatly,  being  essentially  nil  before  an  attack,  reaching  a 
maximum  during  and  just  after  an  attack,  and  gradually  tapering  off 
in  the  recovery  period.  Figure  1  illustrates,  for  ships  and  boats, 
the  interrelationship  of  these  factors.  In  the  preattack  period,  ships 
and  boats  should  be  available  for  normal  usage  or,  in  the  case  of 
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SHIP  UTILIZATION 


Fig.  1  Ship  Utilization  as  a  Function  of  an  Attack  Time  Continuum 
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Normal  Usage 


reserve  fleets,  availehle  within  a  designated  period  for  their  normal 
duty.  Prior  to,  during,  and  just  aPber  an  attack,  ships  and  boats, 
if  they  are  to  have  value  for  civil  defense,  should  serve  a  life¬ 
saving  function,  that  is,  save  the  lives  of  people  from  the  effects 
of  the  attack  itself.  This  function  can  conceivably  be  effected  by 
removing  people  from  the  attack  situation  (evacuation)  and/or  protecting 
them  from  the  effects  of  the  attack  (shelter).  After  this  initial 
period,  ships  may  then  assist  in  life- sustaining  operations,  serving 
as  hospitals,  monitoring  centers,  etc,  or  in  providing  essential 
services,  such  as  water,  food,  fuel,  and  electricity.  Ultimately,  the 
ships  and  boats  should  again  become  available  for  normal  service. 

This  report  discusses  the  applicability  of  ships  and  boats  for  these 
two  broad  life-saving  and  life- sustaining  functions,  and  points  up 
the  problems  created  by  these  functions  with  respect  to  nomal  usage. 

The  introduction  of  the  concept  of  evacuation  as  a  means  of  saving 
lives  is  not  intended  to  imply  an  endorsement  of  this  concept;  rather 
it  is  a  necessary  assumption  if  ships  and  boats  are  to  be  considered 
for  any  major  life-saving  role,*  In  addition,  current  doctrine  calls 
for  the  evacuation  of  ships  to  sea,  which  may  be  compatible  with  the 
concept  of  personnel  evacuation  as  discussed  in  this  study, 

A  generalization  that  is  used  throughout  the  report  for  convenience 
is  the  term,  2-wk  shelter  staytime.  The  reader  should  realize  that 
"2  wk"  is  not  a  magic  number  that  speaks  for  any  given  fallout  situa¬ 
tion,  The  time  that  persons  may  be  reaulred  to  spend  in  a  shelter 

could  vary  from  a  few  hours  in  some  instances  to  several  months  in  rare 

cases.  Another  simplification  that  is  used  in  this  report  is  that  of 
reporting  doses  over  a  1-yr  period.  Obviously  no  individual  will 

remain  aboard  a  ship  in  a  particular  location  for  1  yr.  However,  the 

error  introduced  by  the  1-yr  dose  value  is  less  than  10^/  for  shelter 
staytime s  of  2  wk  or  longer;  that  is,  an  individual  receives  approxi¬ 
mately  of  the  first  year’s  dose  in  the  first  2  vk  after  fallout 
occurs.  Those  readers  who  might  be  interested  in  more  information  on 
staytime  E  and  dose  calculations  are  refereed  to  the  manual,  Radiological 
Recovery  of  Fixed  Military  Installations. ° 


*  However,  a  recent  report^  suggests  that,  in  a  variety  of  strategic 
situations  evacuation  of  civilian  populaces  over  a  period  of  hours 
or  days  would  appear  to  be  an  acceptable  practice. 


SECTION  2 


BASIC  CRITERIA  AND  DATA 


This  section  discusses  fallout  radiation  dose,  radiological  coun¬ 
termeasures,  alrblast,  and  thermal  radiation;  presents  statistical  data 
on  commercial  shipping  and  population  distribution  in  the  United  States 
and  selected  data  on  certain  major  ports;  and  discusses  ship  movement 
in  the  Port  of  New  York. 

2.1  WEAPON  EFFECTS 

2.1.1  Fallout  Radiation  Dose* 

The  free-field  fallout  "adiatlon  dose  at  a  point  offshore  from  a 
land  surface  nuclear  burst  can  come  from  4  sources,  3  of  which  are 
interrelated.  The  transit  dose  is  that  received  from  the  radioactive 
cloud  as  it  passes  overhead;  this  dose  is  independent  of  other  doses 
and  of  the  surface  over  which  the  cloud  travels.  As  the  radioactive 
cloud  passes  it  deposits  radioactive  particles.  If  these  particles 
settle  on  the  deck  of  a  ship  it  is  defined  as  the  deck  deposit  dose; 
if  the  particles  settle  on  an  adjacent  land  surface  it  is  defined  as 
the  land  deposit  dose.  Finally,  if  the  particles  settle  on  the  water 
surrovindlng  the  ship  it  constitutes  the  waterborne  dose.  This  water¬ 
borne  dose  can  be  further  subdivided  into  a  water  settling  dose,  which 
is  a  short-teria  dose  received  only  during  the  time  that  the  particles 
are  falling  from  the  surface  of  the  water  to  the  bottom  of  the  water 
medium,  and  a  water  solution  dose,  a  long-term  dose,  which  results 
from  dissolution  of  a  portion  of  the  radioactivity  as  the  particles 
fall  through  the  water.  (See  Appendix  A  for  fiirther  details.) 

To  determine  the  relative  fmportance  of  land  deposit,  deck  deposit, 
and  waterborne  dose,  a  contribution  factor,  which  is  dependent  on  the 
placement  of  the  ship  in  relation  to  the  land  and  water  areas,  must  be 
calcxilated  for  each  source.  Finally,  in  order  to  determine  the  dose 
to  a  person  on  a  vessel,  we  must  consider  the  structural,  shielding  of 


*  The  data  of  this  section  are  based  on  Appendix  A  which  also  includes 
studies  for  1  and  20  MT  bursts. 
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the  vessel  itself  as  well  as  the  time  over  which  the  particular  radia¬ 
tion  contributes  to  the  total  dose.  Transit  radiation  will  penetrate 
the  ship  from  all  sides,  but  only  while  the  cloud  is  passing  near  the 
vessel.  Deck-deposit  radiation  will  penetrate  from  the  weather  surfaces 
of  the  ship  from  the  moment  of  contaminant  deposition  until  the  con¬ 
taminant  Is  removed  by  washdown  or  decontamination.  Land-deposit 
radiation  will  penetrate  the  ship  or  boat  from  the  moment  of  deposition 
until  the  land  surface  is  decontaminated.  Waterborne  radiation  will 
penetrate  primarily  through  the  hull,  the  water- settling  component 
contributing  only  during  the  period  of  actual  fallout,  the  water- 
solution  component  remaining  as  a  contributor  for  an  indefinite  time 
or  until  dispersed  by  tidal  action  and  dilution. 

Figure  2  depicts  the  various  components  of  the  free-field  radia¬ 
tion  dose  received  up  to  1  yr  after  burst  time  as  a  function  of  down¬ 
wind  distance  along  the  hotline  for  a  5“MT  land- surface  burst,  A  100^ 
fission  yield  and  a  15-knot  effective  wind  are  assvmied.  Smaller 
fission  yields  wovild  resiilt  in  proportionately  smaller  doses,  A  5-MT 
nuclear  burst  is  discussed  here  and  elsewhere  in  the  text  as  a  repre¬ 
sentative  case,  whereas  1-MT  and  20-MT  nuclear  bursts  are  discussed 
in  Appendix  A.  These  three  weapon  yields  bracket  the  range  of  yields 
most  frequently  anticipated  for  a  nuclear  attack.  Comparison  of  the 
1-MT  and  20-MT  radiation-dose  components  in  Appendix  A  with  those  of 
Pig,  2  reveal  that  the  component  curves  are  essentially  the  same  shape. 
In  addition,  for  a  given  component  of  the  total  dose,  there  is  usually 
no  more  than  a  50^  increase  in  the  total  free-field  radiation  dose 
received  at  a  given  downwind  distance  along  the  hotline  even  when  the 
total  weapon  yield  increases  from  1  MI  to  20  MT»  However,  the  fallout 
contour  pattern  for  a  20-MT  burst  would  be  significantly  larger  than 
that  for  a  1-MT  burst.  Thus,  a  20- fold  Increase  in  weapon  yield  would 
result  in  moderately  higher  con^ponent  doses  (and  dose  rates)  spread 
out  over  a  much  larger  area. 

Shielding  and  Washdown 

Figure  3  shows  the  l-yr  radiation  doses  to  occupants  of  (l)  a  boat 
with  a  washdown  system,  (2)  the  SS  INDEPEMDEHCE  with  a  washdown  system, 
and  (3)  a  converted  Liberty  ship*  with  a  washdown  system,  along  with 


*  This  refers  to  a  Liberty  ship  that  has  been  modified  to  serve  as  a 
fallout  shelter  for  10,000  persons  for  a  period  of  at  least  2  wk. 
Figures  10  and  11  illvistrate  the  proposed  modifications,  A  converted 
Liberty  ship  shelter  most  probably  would  be  beached  on  a  shore,  as 
shown  in  Fig,  12b,  near  a  shelter-deficient  population  center. 
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Fig.  2  Radiiition  Doee  Studies  -  5  MI  Weapon  Yield 

Various  Components  of  the  Free  Field  Radiation  Dose  Received  up 
to  One  Year  After  Bui'st  vs  Downwind  Distance  Along  the  Hot  Line 
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ONE  YEAR  DOSE  TO  OCCUPANTS  (  r  ) 


DOWNWIND  DISTANCE  ALONG  HOT  LINE  (  MILES  ) 


Fig.  3  One  Year  Doses  to  Occv^ants  of  Various  Type  Vessels  Down 
wind  from  a  5-MT  Burst 
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the  assumed  conditions  and  shielding  factors  for  these  three  cases. 
Actual  doses  would  he  proportionately  less  than  those  shown  if  the 
fission  yield  is  less  than  100^.  Further,  an  actual  fallout  model 
must  he  consulted  to  determine  the  total  radiation  dose  for  points 
downwind  hut  not  on  the  hotline. 

Appendix  A  descrihes  in  detail  the  computations  and  assumptions 
used  to  obtain  the  values  of  Fig,  3  and  elso  Figs,  A. 4  and  A, 5  for 
l-MT  and  20-MT  land-surface  hursts.  In  essence,  the  3“fh  free-field 
radiation  dose  is  modified  to  account  for  the  shielding  afforded  hy 
the  given  vessel,  for  the  effectivness  of  the  washdown  system,  and 
for  each  ccmiponent  of  the  free-field  radiation  dose.  By  continually 
flushing  deposited  fallout  overboard,  a  washdown  system  will  reduce 
the  dose  by  as  much  as 

Figure  3  Indicates  that  a  converted  Liberty  ship  beached  on  shore 
and  the  SS  INDEPENDENCE  at  sea  provide  about  ein  equivalent  degree  of 
protection  against  radioactive  fallout.  People  aboard  either  ship 
would  not  receive  excessive  fallout  radiation  doses  (no  more  than  300  r 
in  1  yr)  at  6  miles  downwind  from  a  5-1®  land- surface  hvirst.  A  small 
boat  would  provide  the  same  degree  of  protection  (a  300-r  1-yr  dose*) 
only  at  50  miles  downwind  distance.  However,  the  small  boat  does 
provide  definite  protection,  since  the  1-yr  free-field  dose  at  this 
location  (Fig,  2)  would  be  over  7000  r.  In  perspective  then,  a  con¬ 
verted  Liberty  ship  wovild  be  best  utilized  close  to  a  target  area; 
a  large  passenger  liner  (with  washdown)  covild  safely  evacuate  personnel 
to  sea  even  if  high  fallout-radiation  levels  were  encountered;  larger 
boats  (with  washdown)  covild  be  used  to  protect  people  beyond  the  blast- 
and  fire-damaged  areas  but  still  within  the  high  fallout-radiation 
areas, 

2,1,2  Blast  and  Tliermal  Effects 


The  blast  and  thermal  effects  resulting  from  a  nuclear  burst 
would  significantly  affect  the  civil  defense  use  of  ships,  A  given 
blast  overpressure  may  cause  structural  damage  and  loss  of  a  vessel 


*  The  permissible  dose  limit  suggested  hy  the  sponsor  is  150  r  for 
any  period  between  1  mo  and  1  yr.  This  value  is  arbitrarily  doubled 
when  considering  a  case,  such  as  Fig.  3,  where  a  fission  yield  of 
100^  is  assmed. 
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that  was  to  have  functioned  as  a  floating  warehouse.  Thermal  radiation 
may  render  the  washdown  system  on  a  ship  inoperable,  thereby  permitting 
lethal  deposit- radiation  doses  below  decks.  Decisions  on  ship  locations, 
the  uses  to  which  ships  ml^t  be  put  in  a  given  location,  the  extent 
of  ship  preparation  or  modification  for  civil  defense  purposes,  and 
many  other  factors  depend  greatly  on  the  maxijmjm  permissible  weapon 
effects  considered  tolerable  in  a  given  situation  as  well  as  on  the 
type  of  vessel  involved  and  the  attack  situation  anticipated. 

For  the  specific  case  of  a  beached  converted  Liberty  ship  equipped 
with  a  washdown  system  capable  of  removing  90^  of  'the  deposited  fallout. 
Table  1  presents,  the  closest  distances  from  ground  zero  that  this  ship 
might  be  positioned  for  each  of  three  weapon  yields.  The  maximum 
allowable  conditions  for  blast,  thermal,  and  fallout-radiation  effects 
determine  the  closest  distance  at  which  a  ship  would  protect  its 
occupants.  In  the  case  cited  in  Table  1,  fallout  radiation  determines 
the  closest  distances  for  all  three  yields. 

Similar  tables  drawn  up  for  a  vriLde  variety  of  attack  conditions, 
vessel  types,  vessel  uses,  etc,  might  be  used  as  aids  in  determining 
the  optimum  use  of  ships  for  civil  defense  pxirposes.  For  example,  if 
other  permissible  radiation  doses  are  decided  on,  the  data  presented 
here,  in  2,1.1,  and  in  Appendix  A  could  be  used  to  calculate  either  the 
closest  distance  of  approach  for  a  given  variety  of  shielding  conditions, 
or  the  shielding  protection  required  for  personnel  at  a  given  shelter 
location. 

2.2  STATISTICAL  DAl'A 
2,2,1  Commercial  Shipping 

Table  2  summarizes  the  i960  commerclaj.  shipping  in  the  United 
States  in  terms  of  the  volume  of  usable  ship  space  available  on  various 
classes  of  vessels.  This  summary  of  ship  potential  by  volume  of  usable 
ship  space  is  significant,  since  waterborne- commerce  summaries  are 
frequently  in  terms  of  weight  of  cargo  handled.  The  available  volume 
is  used  here  because  it  is  considered  more  significant  for  civil 
defense  purposes. 

Four  items  in  this  table  are  especially  noteworthy.  Nearly  235^ 
of  the  volume  of  usable  sMp  space  for  the  contiguous  United  States  is 
concentrated  in  self-propelled  passenger  and  dry-cargo  ships  on  the 
Atlantic  Coast,  and  all  self-propelled  passenger  and  dry- cargo  vessels 
accounted  for  nearly  50^  of  "the  total  volume  of  ship  space  in  this 
country.  Further,  all  usable  volume  of  non- self-propelled  vessels 
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Values  for  hotline  obtained  frcm  Figs.  A.l,  and  A.2, 
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accounted  for  only  22^  of  the  national  usable  ship  volume.  Tankers, 
self-propelled  and  non- self-propelled,  accounted  for  20^  of  the  usable 
ship  volume. 

Figure  h  indicates  the  cor^leted  and  projected  channel  depths  in 
the  principal  vaterways  of  the  United  States.  Tliese  depths  give  some 
indication  of  the  type  of  ship  traffic  that  might  be  handled  in  a 
waterway  or  port  as  well  as  the  limitations  or  difficulties  that  might 
be  encountered  when  moving  vessels  from  one  location  to  another  for 
civil  defense  piirposes.  Also  shown  are  the  locations  of  the  various 
Maritime  Administration  and  Naval  Reserve  Fleets. 

2.2,2  United  States  Population  Distribution;  i960 

Figure  5  shows  the  i960  popxilation  distribution  for  the  United 
States]  outstanding  is  the  non-uniformity  of  the  population  distribution. 
There  is  an  extremely  heavy  population  concentration  in  the  northeast 
United  States  and  a  much  greater  concentration  of  people  in  the  eastern 
half  of  the  United  States  than  in  the  western  half  except  for  a  heavily 
populated  strip  of  land  along  the  Pacific  Coast,  By  superimposing 
Fig.  5  on  Fig*  one  can  see  that  there  is  an  extremely  good  chance 
of  finding  large  harbors  or  navigable  waterways  in  just  those  locations 
where  the  population  is  most  heavily  concentrated.  This  distribution 
is  quite  reasonable,  since  it  is  those  places  vd-th  good  water  transporta¬ 
tion  facilities  that  one  mi^t  expect  to  grow  into  centers  of  commerce 
and  industry  and  to  acquire  large  populations. 

Table  3  lists  the  25  most  populous  Standard  Metropolitan  Statistical 
Areas  (SMSA’s)  in  the  United  States,  along  with  their  ranks^  resident 
populations,  short  tons  of  commerce  handled  in  i960,  and  the  niariber  of 
fallout  shelter  spaces  (reduction  factor  <  O.Ol)  available  in  each. 

The  resident  populations  of  these  SMSA’s  represented  approximately  one- 
third  of  the  United  States’  resident  population  for  i960.  The  resident 
popvilatlon  listed  for  an  SMSA  may  or  may  not  represent  an  actual  daytime 
or  nl^ttime  population  (see  Table  4). 

Table  3  indicates  that  (l)  there  is  a  positive  correlation  between 
the  number  of  short  tons  of  commerce  handled  in  a  given  SMSA  and  the 
SMSA’s  resident  population,  (2)  there  is  a  shortage  of  shelter  spaces 
having  reduction  factors  equal  to  or  less  than  0.01  in  most  SMSA’s  and 
(3)  23  of  the  25  most  populous  SMSA’s  are  port  cities  located  on  the 
Atlantic,  Gulf,  or  Pacific  Coast  or  on  an  inland  waterway. 


14 


dr 

I  \ 

i  \ 


-'f  ^ 
« 


Son 

Froncisco 


/  o 

c?  0 

\' 

\ 

\ 


/ 


\  i  "'' 


L •  Los  Angeles 


Son  Diego 


— L  r 


PROJECTED 

COMPLETED  ( NOT  COMPLETED) 


CHANNEL 

DEPTH 

OVER  12  FT 
9  to  12  FT 


All  depths  referred  to  low  water.  (1  Nov.  1957) 


0  50  100  200  300 


/ 


l^ig-  4  Principal  Watei’wuye  of  the  United  State 


ted  States  and  Locations  of  the  MARAD  and  Navy  Reserve  Fleets 


15 


Fig.  5  United  States  Population  Distritution:  i960 
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Table  3 


Resident  Population,  Waterborne  Commerce,  and  Fallout  Shelter 
Spaces  Available  in  the  25  Largest  United  States  Standard 
Metropolitan  Statistical  Areas  (SMSA)® 


SM5A  ! 

. 

SMSA 

Rank‘d 

[By  popula¬ 
tion) 

SMSA 

Resident 

Population^ 

Tons  (2000  lb) 
of  Waterborne 
Commerce 
Handled 
in  1960^^ 

Fallout  Shelter 
Spaces 
(Reduction 
Factor 
<  0.0l)'i 

Rev  York,  H.Y. 

1 

10,695,000 

153,199,000® 

16,031,000^ 

Los  Angeles -Long 
Beach,  Calif. 

2 

6,743,000 

31,892,000 

1,644,000 

Chicago,  Ill. 

3 

6,221,000 

39,055,000 

6,496,000 

Philadelphia, 

Pa.  -  N.J. 

4 

4,343,000 

49,634,000 

_ 

2,260,000 

Detroit,  Mich. 

5 

3,762,000 

1,136,000 

San  Francisco- 
Oakland,  Calif . 

6 

2,783,000 

29,116,000 

952,000 

mam 

7 

2,589,000 

19,020,000 

1,471,000 

Pittsburgh,  Pa. 

8 

2,405,000 

6,581,000 

1,131,000 

St.  Louis,  Mo.- 
111. 

9 

2,060,000 

9,092,000 

792,000 

Washington,  D.C.- 
1  Md.  -  Va. 

10 

2,002,000 

2,686,000 

2,214,000S 

Cleveland,  Ohio 

11 

1,797,000 

17,801,000 

824,000 

Baltimore,  Md. 

12 

1,727,000 

43,420,000 

574,000 

Newark,  N.J. 

13 

1,689,000 

see  note  e 

523,000 

Table  3  continues 
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Table  3  (cont.) 


Resident  Population,  Waterborne  Commerce,  and  Fallout  Shelter 
Spaces  Available  in  the  25  Largest  United  States  Standard 
Metropolitan  Statistical  Areas  (SMSA)®- 


SMSA 

SI<&A 

Rank^ 

(By  popula¬ 
tion) 

SMSA 

Resident 

Population^ 

Tons  (2000  lb) 
of  Waterborne 
Commerce 
Handled 
in  1960'^ 

Fallout  Shelter 
Spaces 
(Reduction 
Factor 
<  0.01)^ 

Minneapolis -St . 
Paul,  Minn. 

Ik 

1,482,000 

4,597,000 

811,000 

Buffalo,  N.Y. 

15 

1> 307,000 

17,704,000 

327,000 

Houston,  Texas 

16 

1,243,000 

57,133,000 

230,000 

Milwaukee,  Wis, 

17 

1,194,000 

8,519,000 

382,000 

Paterson-Clifx.on- 
Passaic,  N.J, 

18 

1,187,000 

see  note  e 

130,000 

Seattle,  Wash. 

19 

1,107,000 

l6,6l4,000 

302,000 

Dallas,  Texas 

20 

1,084,000 

not  a  port 

280,000 

Cincinnati,  Ohio- 
Ky. 

21 

nmuQnii 

616,000 

Kansas  City,  Mo.- 
Kans. 

22 

1,039,000 

1,37^,000 

668,000 

San  Diego,  Calif. 

23 

1,033,000 

2,136,000 

83,000 

Atlanta,  Ge. 

24. 

1,017,000 

not  a  port 

287,000 

Miami,  Fla. 

25 

935,000 

1,612,000 

169,000 

Table  3  continues 
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Footnotes  for  Table  3 


^Aa  SMSA  is  composed  of  the  entire  population  living  in  the  area  in 
and  around  a  relatively  large  central  city,  and  may  also  refer  to  the 
area  itself.  The  activities  of  this  population  form  an  integrated 
social  and  economic  system.  For  the  Bureau  of  the  Budget's  established 
definition,  see  pp.  XXIV  and  XXV  of  the  United  States  Census  of  Popula¬ 
tion;  i960  (see  footnote  h). 

^U.S.  Bureau  of  the  Census.  U.S.  Census  of  Population;  i960.  Number 
of  Inhabitants,  United  States  Summary.  Final  Report  PC(l)-lA,  U.S. 
Government  Printing  Office,  Washington,  D.C.,  1961  (pp.  I-II7,  Table 

36). 

^Waterborne  Commerce  of  the  Iftiited  States,  Calendar  Year  i960.  Corps 
of  Engineers,  Dept,  of  the  Army. 

National  Shelter  Survey:  Phase  I.  Department  of  Defense,  Office  of 
Civil  Defense,  Washington  25,  D.C. 

®The  tonnages  for  the  Newark,  N.J.  SMSA  and  the  Patterson-Clifton- 
Passaic,  N.J.  SMSA  are  included  in  the  New  York,  N.Y.  SMBA. 

Approximately  83^  of  these  shelter  spaces  are  in  the  Borough  of 
Manhattan. 

^Approximately  90^  of  these  shelter  spaces  are  in  Washington,  D.C. 
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2,2.3  SeiLected  Data  for  Fort  Cities 


Table  ^  lists  and  helps  to  correlate  a  mass  of  data  about  certain 
selected  ports.  This  table  is  meant  to  suggest  possibilities  for  future 
analysis  of  the  civil  defense  use  of  ships.  The  type  of  data  presented 
here  might  be  gathered  for  any  location  in  the  country  and  for  any 
specific  city,  region,  or  SMSA. 

Table  k  shows  that  the  resident,  daytime,  and  nighttime  populations 
are  distinctly  different.  A  "satisfactory"  number  of  fallout  shelters 
at  any  SMSA  would  depend  on  which  one  of  these  populations  one  was 
interested  in  sheltering,  as  well  as  the  distribution  of  these  shelters 
within  the  SMSA.  For  example,  the  New  York,  N.Y,  SMSA  has  more  shelter 
spaces  (Table  3)  than  residents  (Table  k),  but  this  situation  does  not 
mean  that  all  these  residents  could  be  sheltered,  Brooklyn  has  a  large 
deficit  of  shelter  spaces,  whereas  Manhattan  has  such  a  huge  surplus 
of  spaces  that  there  is  an  overall  surplus  of  shelter  spaces.  This 
situation  is  also  true  in  the  Washington,  D.C,-Md,-Va.  SMSA,  because 
most  of  the  shelter  spaces  are  located  in  the  large  government  buildings 
in  downtown  Washington,  D,C,  (Manhattan  sind  Washington,  D.C.,  each 
contain  approximately  85'}^  of  the  shelter  spaces  in  their  respective 
SMSA's.) 

Civil  defense  use  of  ships  would  be  complicated  at  ports,  such  as 
Mlnneapolis-St,  Paul,  Minn,  and  Buffalo,  N,Y.,  that  are  closed  during 
the  coldest  winter  months.  All  of  the  other  ports  listed  in  Table  h 
normally  have  a  year-round  navigation  season. 

The  columns  in  Table  K  listing  net  tons  (lOO  cu  ft)  of  waterborne 
commerce  and  the  principal  cargo  hemdled  in  each  port  together  give  an 
idea  of  the  type  and  volume  of  waterborne  commerce  at  selected,  locations 
throughout  the  United  States.  This  and  similar  information  should  be 
useful  in  helping  to  select  and  evaluate  those  L.)cations  in  the  United 
States  where  the  civi.1  defense  use  of  ships  might  be  a  Bign^ficant  and 
valuable  adjunct  to  any  other  civil  defense  activity. 

2.3  SHIP  MOVEMENT  WITHIN  THE  PORT  OP  NEW  YORK 

Intensive  studies  were  made  of  the  Ports  of  New  York  and  San  Fran¬ 
cisco  and  are  reported  in  Appendices  C  and  D,  These  studies  were  made 
to  obtain  pertinent  Information  bearing  on  the  civil-defense  use  of 
ships  at  certain  specific  ports.  Highlights  of  the  Port  of  New  York 
study  are  presented  here  both  to  Indicate  the  types  of  information 
that  might  be  of  interest  at  any  given  port  and  to  present  such  informa¬ 
tion  for  one  highly  significant  port. 
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Taljle  4 


Detailed  Population,  Waterborne-Commerce,  and  Fallout-Shelter 
Data  for  Certain  United  States  Ports 


PORT 

SMSA 

RANK® 

POPULATION  DATA  FOR  GIVEN 

SMSA  OR  COMPONENT  AREA 

FALLOUT 

SHELTER 

Sr-ACES 

[Reduction 

factor 

<  0.01)C 

\joy  ” 

ulation) 

Resident^ 

Daytime*^ 

'lighttime^ 

Brooklyn,  Kev  York 
(part  of  NY,KY  SMSA) 

see 

note*^ 

2,627,000 

3> 343, 000 

2,803,000 

1,051,000 

'  '  '  '  1 

Manhattan,  New  York 
(part  of  NY, NY  SMSA): 

see 

note*^ 

1,698,000 

4,507,000 

2,359,000 

13,528,000 

Los  Angeles-Long 
Beach,  Calif. 

2 

6,743,000 

8,476,000 

1,644,000 

Chicago,  Ill. 

3 

6,221,000 

— 

— 

6,496,000 

San  Franc isco- 
Oakland,  Calif. 

6 

. 

952,000 

Boston,  Mass. 

T 

2,589,000 

3,107,000 

Pittsburgh,  Pa. 

8 

2,405,000 

2,545,000 

2,480,000 

1,131,000 

St.  Louis,  Mo.- 
13.1. 

9 

2,060,000 

— 

__ 

792,000 

Washington,  D.C.- 
Md.  -  Va. 

10 

2,002,000 

im 

IEESSh 

Minneapolis -St. 

Paul,  Minn. 

l4 

1,482,000 

-- 

— 

811,000 

Buffalo,  N.Y. 

l.? 

1,307,000 

mm 

USB 

327,000 

Houston,  Texas 

16 

1,243,000 

m  m 

— 

230,000 

Table  4  continues 
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Table  4  (cent.) 


Detailed  Population,  Waterborne-Commerce,  and  Fallout-Shelter 
Data  for  Certain  United  States  Ports 


PORT 

SMSA 
RANK®- 
(By  pop¬ 
ulation) 

POPUIATICN  DATA  FOR  GIVEN 
SMSA  OR  CCMPCKENT  AREA 

FALLOUT 
SHELTER 
SPACES 
[Reduction 
factor 
<  0.01)® 

Resident^ 

Daytime® 

■mmiiii 

Seattle,  Wash. 

19 

1,107,000 

I 

1 

302,000 

New  Orleans,  La. 

27 

868,000 

— 

327,000 

N  orf olk-Ports - 
mouth,  Va. 

44 

579,000 

526,000 

573,000 

165,000 

ISSSESSBSSESSil 

58 

455,000 

1 

1 

— 

135,000 

Table  4  continues 
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Tatole  k-  (cont.) 


INBOUND  WATERBORNE  C0MI»1ERCE  IN  UNITS  OF 

NET  TONS  (NT)®  (one  NT  equals  100  cu  ft 
of  usable  ship  space) 

PORT 

SELF-PROPELLED  VESSEI£ 

NCW-SELF-PROPEIUSD 

VESSEIS 

! 

1 

TOTAL 

OP  ALL 

INBOUND 

VESSEIS® 

Passenger 
and  Dry 
Cargo 
Vessels 

Tankers 

Passenger 
and  Dry 
Cargo 
Vessels 

Tankers 

Brooklyn,  New  York 
(part  of  NY, NY  SM3A) 

83,992,000 

3,709,000 

21,373,000 

4,481,000 

Manhattan,  New  York 
(part  of  NY,NY  SMSA) 

32,173,000 

1,075,000 

1,670,000 

59, 823, OX 

Los  Angelas -Long 
Beach,  Calif* 

16,229,000 

.. 

9,752,000 

325,000 

1,271,000 

. 

27, 655, OX 

Chicago,  Ill, 

10,023,000 

748,000 

8,012,000 

3,2i4,xo 

22, 488,  OX 

San  Franclsco- 
Oekland,  Calif. 

21,850,000 

6,586,000 

858,000 

3,460,000 

34,179,X0 

Boston,  Mass. 

8,405,000 

6,525,000 

298,000 

1,116,X0 

16,559,000 

Pittsburgh,  Pa. 

9,000 

None 

4,940,000 

663,000 

6, 610,  OX 

St.  Louis,  Mo*- 
111. 

25,000 

None 

0 

8 

0 

OJ 

OJ 

1,750, xo 

4,430,X0 

Washington,  D.C»- 
Md.  -  Va. 

188,000 

464,000 

1,085,000 

369,000 

2, 181,  OX 

Minneapolis-St . 

Paul,  Minn. 

i - -  ■  - 

13,000 

None 

1,140,000 

888,  XO 

2, 240,  ox 

Table  4  continues 
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Table  4  (cont.) 


PORT 

INBOUND  WATERBORNE  COMMERCE  IN  UNITS  OF 

NET  TONS  (NT)®  (one  NT  equals  100  cu  ft 
of  usable  ship  space) 

SELF-PROPELLED  VESSELS 

NQN-SELF-PROPETJ.ED 

VESSEI6 

TOGEAL 

OP  ALL 

INBOUND 

VESSEI5S 

_ 

Passenger 
and  Dry- 
Cargo 
Vessels 

Tankers 

Passenger 
and  Dry 
Cargo 
Vessels 

Tankers 

Buffalo,  N.Y. 

9,019,000 

382,000 

105,000 

_ 

217,000 

Houston,  Texas 

10,716,000 

13,172,000 

4,953,CX)0 

34,852,000 

Seattle,  Wash. 

28,672,000 

2,787,000 

3,621,000 

1,505,000 

37,842,000 

New  Orleans,  La. 

17,230,000 

7,954,000 

6,619,000 

9,204,000 

42,108,000 

Norfolk-Ports- 
mouth,  Va. 

24,344,000 

5,450,000 

■ 

2,182,000 

33,765,00V 

Jacksonville,  Fla. 

2,426,000 

3,011,000 

621,000 

549,000 

6,692,000 

Table  4  continues 
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Table  k  (cont.) 
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Table  4  continues 


Footnotes  to  Table  4 


®XJ.S.  Bureau  of  the  Census.  U.S.  Census  of  Population:  196O,  Number 
of  Inhabitants,  United  States  Summary.  Pinal  Report  PC-(l)“lA. 

U.S.  Government  Printing  Office,  Washington  25,  D.C.,  19d1  (pp*  1-117> 
Table  36). 


‘^Reference  in  a,  above,  pp.  1-100,  Table  31» 

National  Shelter  Survey:  Phase  I.  Department  of  Defense,  Office  of 
Civil  Defense,  Washington  25,  D.C.  Among  other  data  avedlable  from 
this  Survey  are  the  total  number  of  buildings,  the  number  of  buildings 
rejected,  the  shelter  spaces  in  various  other  categories,  etc. 

This  port  is  only  a  component  area  of  the  New  York,  N.Y.  Standard 
Metropolitan  Statistical  Area  (SMSA). 


^Waterborne  Commerce  of  the  United  States,  Calendar  Year  i960.  Corps 
of  Engineers,  Dept,  of  the  Army.  Certain  data  from  this  source  were 
recompiled,  estimated,  or  averaged  to  obtain  other  statistics. 

Sports  of  the  World,  l6th  Ed.,  Shipping  World  Limited,  London,  England 
(1962).  For  the  purposes  of  this  tabulation,  the  navigation  season 
is  defined  as  that  part  of  the  year  wlien  there  is  at  least  one  outlet 
(via  river,  ocean,  lake,  etc.)  from  the  given  port.  If  only  the  port 
is  navigable  for  intraport  traffic  and  all  port  outlets  are  closed, 
the  port  is  listed  as  closed  for  that  period  of  time. 

®Thls  column  does  not  necessarily  represent  the  sura  of  the  figures 
given  for  self-propelled  and  non-self -propelled  vessels,  since  tug¬ 
boats,  towboats,  and  some  miscellaneous  vessels  are  included  in  this 
total. 
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Figure  6  gives  a  conprehensive  picture  of  the  most  significant  of 
the  28  harbors  that  comprise  the  Poi*t  of  New  York.  The  most  important 
feature  to  he  noted  is  the  heavy  concentration  of  port  activity  in  a 
relatively  few  harbors.  This  situation  is  even  more  extreme  than  that 
indicated,  since,  at  any  given  harbor  (for  example,  Brooklyn),  some 
piers  or  groups  of  piers  are  much  busier  than  others.  If  port  activity 
is  measured  in  terms  of  the  number  of  ships  docking,  then  Brooklyn 
accounts  for  of  the  shipping  activity  in  the  entire  Port  of  New 
York,  and  Manhattan  accounts  for  another  17^.  Thus,  these  two  harbors 
alone  account  for  nearly  two- thirds  of  all  the  shipping  activity  in  the 
Port  of  New  York. 

Figure  7  shows  extremely  wide  fluctuations  in  the  daily  ship 
total  from  one  part  of  the  week  to  the  next.  The  numbers  of  ships  in 
port  exhibit  a  midweek  maximum  and  a  weekend  minimum;  these  within-week 
fluctuations  are  far  greater  than  any  week-to-week  fluctuations. 

For  the  year  I96I,  the  Port  of  New  York  Authority  reports  that, 
of  the  commercial  deep-sea  ships  entering  the  Port  of  New  York,  are 
general.- cargo  common  carriers,  27fo  are  tankers,  l8^  are  specialized  or 
industrial  carriers,  and  5^  are  passenger  vessels.  The  total  number 
of  ships  in  port  at  any  given  time  ranges  from  a  low  of  90  +  20%  over 
weekends  to  a  maximum  of  180  +  20%  during  the  middle  of  the  week. 

One-half  of  the  ships  entering  the  Port  of  New  York  stay  less 
than  2  to  3  days,  and  very  few  ships  stay  longer  than  8  to  10  days. 

This  ''staytime"  or  "tum-around  time"  is  a  function  of  the  type  of 
vessel  and  varies  from  a  low  of  1  to  2  days  for  tankers  to  2.5  to  3*5 
days  for  passenger  vessels  to  3«5  to  4.5  days  for  general-cargo  common 
carriers.  Specialized  vessels  vary  widely  from  I.5  days  for  container 
ships  to  8  days  for  vessels  carrying  scrap  metal. 

In  conclusion,  on  any  given  day,  one  can  expect  in  the  Port  of 
New  York  4-5  to  90  general-cargo  common  carriers,  24  to  48  tankers,  16 
to  32  specialized  carriers,  and  5  to  10  passenger  vessels.  The  sum 
total  of  all  these  vessels  represents  a  definite  civil  defense  potential 
that  might  be  utilized  in  a  wide  variety  of  ways. 
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JULY  1962  AUGUST  1962 


Fig.  T  D&ily  Totals  of  All  Ships  (Except  Tankers)  in  the  Port  of  New 
York  Based  on  Data  Obtained  from  The  Journal  of  Commerce  and  Commercial 
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SECTION  3 


CIVIL  DEFENSE  USE  OF  SHIPS  AND  BOATS  BI  VESSEL  TYPES 


3.1  (2MERAL 

Ships  can  be  broadly  classed  as  either  active,  meeuiing  that  they 
are  in  service  and  cariying  cargo  from  port  to  port,  or  inactive,  mean¬ 
ing  that  the  ships  are  inoperable  and  decommissioned  in  a  reserve  or 
"mothball"  fleet.  Both  active  and  inactive  ships  can,  in  turn,  be 
categorized  by  vessel  types — passenger  or  troop  ships,  general  cargo 
ships,  tankers,  small  boats,  and  naval  ships.  In  this  section,  the 
civil  defense  potential  of  each  specific  type  of  vessel  la  discussed 
separately  within  the  two  broad,  categories:  active  end  inactive. 

Civil  defense  use  of  ships  and  boats  can  be  broadly  classified 
according  to  the  following  six  life-saving  and  Iife-su3ta3.ning  functions; 
(1)  "as  is"  shelters— used  as  fallout  shelters  without  any  modification, 
but  providing  additional  stocks  of  food  and  water;  (2)  evacuation— used 
to  transport  people  from  a  target  area  to  a  less  hazardous  location; 

(3)  converted  shelters— modified  prior  to  attack  to  improve  their 
shelter  potential;  (4)  civi3  defense  headquarters  or  hospitals— making 
limited  prior  provisions  for  such  use;  (5)  floating  warehouses— used 
to  store  food,  equipment,  water,  fuel,  etc,,  prior  to  attack  without 
subverting  the  basic  mission  of  the  vessel;  and  (6)  floating  utilities — 
used  to  provide  electrical  power  and  potable  wate""  to  shore  installa¬ 
tions  with  either  the  existing  shipboard  equipment  or  added  equipment. 

The  remainder  of  this  section  discusses  evaluations  of  the  potential 
civil  defense  uses  for  each  ship  type.  Table  5  summarizes  the  several 
combinations  possible  and  Indicates  the  probable  usefulness  of  each 
combination.  Starting  with  3»2,2,  Table  5  should  be  used  as  a  guide 
by  the  reader, 

3.2  ACTIVE  SHIPS 

3.2,1  Port  Operation,  Emergency  Evacuation,  and  Ship  Availability 

This  section  of  the  study  is  concerned  with  ships  in  port  that 
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Tatle  5  Civil  Defense  Utilization  of  Maritime  and  Naval  Ships 
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might  he  used  for  civil  defense  pui^oses.  Since  the  majority  of  such 
ships  vould  normally  be  under  foreign  flags,  there  is  some  doubt  of 
their  availability  in  time  of  crisis.  However,  we  have  made  the 
simplifying  assumption  that  all  ships  and  boats  in  port  would  be  avail¬ 
able  for  emergency  use.  Ships  and  boats  are  generally  classified 
according  to  net  tonnage,  an  ambiguous  term  since  1  net  ton  is  actually 
defined  as  100  cu  ft  of  cargo-carrying  capacity;  however,  for  our 
analysis,  this  definition  of  capacity  was  used.  We  have  no  good 
information  on  the  distribution  of  ships  according  to  capacity,  but 
the  data  in  Table  6,  derived  from  Ref,  1,  are  considered  good  approxi¬ 
mations,  The  relatively  few  ocean-going  ships  account  for  most  of  the 
capacity.  Boats,  althou^  numerous,  have  limited  total  capacity. 

Table  6 


CATEGORY 

SIZE  RARGE 

PERCENT 
BY  NUMBER 

PERCENT 

BY  CAPACITY 

Ocean-going 

1000-80,000  tons 

1 

81+ 

Inland 

5-1000  tons 

7 

15 

Boats 

16-28  ft 

92 

1 

TOTAL 

512,000 

19,000,000  tons 

of  100  cu  ft 

Quantitative  analysis  has  been  devoted  primarily  to  ocean-going 
vessels  because  of  their  overwhelming  linportance  on  a  capacity  basis 
and  their  more  desirable  characteristics  for  civil  defense  usev 

Fort  Operation 

Ports,  which  in  a  metropolitan  area  may  include  many  sepai'ate 
facilities  (see  Pig,  6  for  example),  are  extremely  complex  operations. 
The  piers  likewise,  and  s\;Q)porting  functions,  such  as  tugs,  barges, 
and  elevators,  may  be  publicly  or  privately  owned  and  operated.  Ships 
using  the  port  are  under  private  ownership  and  may  be  under  almost 
any  flag.  Yet  superimposed  upon  this  ccaiEplex  situation  is  the  Captain 
of  the  Port,  a  Coast  Guard  official,  who  in  peacetime  holds  almost 
complete  control  of  ship  movement  into  and  out  of  the  port.  The  Coast 
Guard  is  concerned  also  with  ship  safety,  secTority  of  the  port  (a 
function  of  Interest  also  to  the  Maritime  Administration),  welfare  of 
seamen,  etc,  A  quasi- official  organization,  the  American  Bureau  of 
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Shipping  (ABS),  representing  the  shipping  Industry  and  insurance  brokers, 
determines  the  seaworthiness  of  a  ship  and  its  crew.  The  Coast  Guard 
and  the  ABS  controls  on  passenger  traffic  are  very  rigid  and  preclude 
the  use  of  ships  in  any  other  than  a  prescribed  manner.  However,  in 
the  event  of  hostilities  the  U,S,  merchant  fleet,  Including  vessels 
under  foreign  flags  of  convenience,  would  come  under  the  control  of  the 
Maritime  Administration,  which  woxild  become  responsible  for  their 
utilization. 

Emergency  Bvacuatlon  of  Active  Ships  From  a  Port 

Each  U.S.  port  has  a  port  dispersal  plan,  prepared  by  the  Coast 
Guard,  that  delineates  what  action  is  to  be  taken  in  the  event  of  a 
yellow  alert  or  other  suitable  warning.  All  known  incoming  ships  would 
be  alerted  to  remain  at  sea,  and  all  ships  in  port  that  could  readily 
be  moved  would  be  dispersed  out  to  sea  as  rapidly  as  possible.  These 
dispersal  plans  are  designed  to  save  the  ships;  any  effort  to  super¬ 
impose  a  lifesaving  mission  on  these  plans  would  req.uire  a  complete 
evaluation  of  the  relative  importance  of  ship  saving  and  lifesaving. 

These  aims  are  not  necessarii^  Incaipatible,  but  difficulties  can  be 
foreseen.  For  example,  if  a  ship  could  be  ready  to  put  to  sea  within 
2  hr  after  an  alert,  but  people  were  still  loading,  which  mission  would 
have  priority*  ship  saving  or  life  saving?  In  this  report,  we  can  only 
point  out  that  these  difficulties  do  exist;  we  l-xave  assumed  for  our 
analysis  that  the  civil  defense  function  of  lifesaving  has  the  higher 
priority. 

Ships,  after  reaching  the  comparative  safety  of  the  open  seas, 
would  be  directed,  probably  by  the  Navy,  to  rendezvous  at  some  designated 
location  or  at  a  "safe  harbor"  (a  port  or  location  that  had  been  deemed 
to  be  far  enough  removed  from  probable  targets  to  be  safe  from  direct 
or  indirect  weapon  effects).  At  this  time,  the  Office  of  Emergency 
Transportation  of  the  Department  of  Ccramerce  would  serve  as  a  utiliza¬ 
tion  czar,  using  the  framework  of  the  MARAD,  for  all  American  ships. 
Including  those  flying  foreign  flags  of  convenience .T’  Claimant  agencies, 
which  include  the  OCD,  would  make  their  requirements  known  to  MARAD 
and,  if  approved,  would  receive  a  use  order  for  the  necessary  vessel(3). 
The  Havy  would  then  become  responsible  for  the  movement  of  the  vessels 
to  their  assigned  stations.  Presumably,  civil  defense  requirements 
would  receive  high  priority;  however.  If  probable  requirements  could  be 
agreed  upon  before  en  emergency  arises,  better  and  more  expeditious 
utilization  for  civil  defense  functions  might  result. 

Ships  in  port  for  loading  or  unloading  always  maintain  a  standby 
crew  that  provides  security  and  mans  the  englneroom  to  provide  the 
necessary  power  for  ship  operations.  Theoretically  the  standby  crew 
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could,  if  necessary,  man  the  ship  and  take  it  to  sea;  actually  they 
would  almost  always  he  assisted  hy  off-duty  crewmen  on  board  or  by 
crew  members  who  returned  to  the  ship  upon  suitable  notification, 

Motorships  powered  by  diesel  engines  ore  widely  used  by  many 
foreign  lines,  and  can  become  operational  almost  at  the  flick  of  a 
switch;  motorships  might  be  able  to  be  seebound  in  less  than  an  hour 
after  a  warning.  Steamships  are  widely  used  by  American  lines  and  on 
all  larger  ships.  In  port,  only  one  boiler  is  normalJ-y  fired;  this 
boiler  could  provide  sufficient  power  to  "limp"  out  of  port,  but 
additional  boilers  would  have  to  be  activated  for  normal  steaming 
operations.  Most  steamships  could  be  underway  within  2  hours,  although 
at  reduced  speed,  but  some  mig^t  require  considerably  longer  times. 

If  a  ship  were  loading  cargo  or  fuel,  additional  time  might  be  required. 

Since  the  number  of  tugs  in  a  port  is  small  in  relation  to  the 
number  of  ships,  it  might  be  necessary  for  many  ships  to  move  out  under 
their  own  power;  this  could  be  done,  with  some  risk,  by  most  smaller 
ships.  Pilots,  too,  could  be  in  short  supply,  but  again  most  captains 
are  competent  to  pilot  their  vessels,  particularly  if  they  are  follow¬ 
ing  other  ships.  Normally,  no  vinsurmountable  traffic  problems  would 
be  anticipated  in  the  dispersal  of  many  ships  to  sea;  however,  movement 
at  nighttime  or  in  foul  weather  would  increase  the  probability  of 
collision  between  ships,  or  of  a  ship  going  aground. 

A  ship  suddenly  ordered  to  sea  might  be  in  any  state  of  readiness. 

It  may  have  just  refueled  and  taken  on  supplies  so  that  it  might  be 
well  prepared  for  a  prolonged  trip  or,  it  might  have  just  arrived  from 
a  long  voyage  and  have  little  fuel  and  few  supplies  left*  In  the  latter 
case,  however,  it  would  undoubtedly  have  enough  fuel  left  to  carry  it 
out  to  sea  where,  if  necessary,  it  covild  sit  "dead"  until  it  was  refueled. 
Food  and  water  for  the  crew  woiold  probably  never  be  completely  depleted 
by  the  end  of  a  voyage.  Thus,  imder  most  circmstances,  ships  covild 
be  dispersed  to  sea  within  a  few  hours  after  notification  to  move. 

Availability  and  Accessibility  of  Active  Ships 

Subsection  2,3  and  Appendix  D  discuss  in  some  detail  the  avail¬ 
ability  of  ships  in  the  ports  of  New  York  and  San  Francisco.  Generali¬ 
zing  from  these  data  it  becomes  apparent  that  ships  do  not  represent 
firm  shelter  spaces#  because  the  number  and  types  of  ships  in  a  given 
port  will  vary  greatly  from  day  to  day  making  prediction  of  available 
space  unreliable.  Further,  the  pattern  of  the  location  of  ships  within 


*Firm  shelter  spaces  are  those  that  can  be  counted  i^ion  in  all 
circumstances. 
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the  port  can  vary  conslderahly.  These  variations  suggest  that  ships 
should  be  considered  for  use  only  as  shelters  for  persons  working  on 
or  about  the  ship  or  for  those  in  the  immediate  vicinity.  Because 
waterfronts  are  generally  in  industrialized  ai'eas  of  low  population 
density,  it  is  unlikely  that  the  indigenous  population  would  overwhelm 
the  available  space  on  ships.  However,  if  people  from  the  nearby 
residential  or  business  districts  descended  on  the  ships,  the  capacity 
of  ships  in  port  would  be  totally  Inadequate.  In  Appendix  C,  an 
analysis  was  made  of  the  time  required  for  all  segments  of  the  popu¬ 
lation  of  San  Francisco  to  reach  a  waterfront  "loading  area"  by  foot. 

It  was  found  that  1  hour  after  warning,  86^  of  the  daytime  or  63^  of 
the  San  Francisco  nighttime  population  would  have  reached  a  loading 
area.  If  we  limit  the  evacuees  only  to  those  who  work  in  the  section 
of  the  city  adjacent  to  the  active  piers,  we  still  find  that  with  a 
1-hr  warning,  (430,000  persons)  of  the  daytime  population  or  17^ 
(130,000  persons)  of  the  nighttime  population  would  reach  the  10  to  20 
ships  that  might  be  in  port.  The  large  difference  between  the  daytime 
and  nighttime  figures  is  due  to  an  assumed  slower  response  time  at 
night  and  to  the  redistribution  of  the  population  in  nonworking  hours. 

The  situation  might  not  be  much  different  in  most  other  port  cities, 
since  industrial  waterfronts  are  often  flanked  by  high-density  resi¬ 
dential  areas.  We  cannot  make  categorical  statements,  however,  because 
we  have  not  studied  such  cities  as  New  Orleans  where  there  is  a  long, 
accessible  waterfront  and  a  population  small  in  comparison  to  the 
average  shipping  capacity  in  the  port. 

If  ships  were  to  be  used  for  sheltering  persons  in  numbers  much 
in  excess  of  their  normal  crew  complement,  provisions  would  have  to 
be  made  for  supplemental  food  and  water  stores.  Such  supplies  would 
logically  be  stored  on  or  near  frequently  used  piers  where,  in  the 
event  of  need,  the  evacuees  could  carry  individual  rations  aboard 
whichever  ship  was  in  port  at  the  time  of  the  alert, 

3.2.2  Passenger  Ships 

Passenger  ships  range  from  the  passenger- cargo  type  which  may 
carry  as  few  as  13  passengers,  to  the  giant  liners,  such  as  the  UNITED 
STATES,  which  carry  a  complement  of  31OO  passengers  and  crew  (see  Table 
7),  Ships  which  carry  fewer  than  ICX)  passengers  will  be  considered 
vmder  general  cargo  ships.  The  giant  liners,  although  of  large  capacity 
individually,  are  few  in  number  and  the  ports  at  which  they  call  are 
restricted  to  one  or  two  in  the  nation.  The  medium- size  liners  in  the 
15,000  to  25,000  gross- ton  range  are  of  most  interest  for  civil  defense 
applications  because  they  call  in  many  U.S.  ports  and  are  more 
numerous. 
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The  total  nuniber  of  ocean-going  passenger  ships  of  U.S.  flag  in 
service  is  about  20.  This  ntariber,  of  course,  does  not  represent  the 
total  ninnber  of  passenger  vessels  of  all  flags  that  mi^t  be  in  all 
the  ports  of  the  nation  at  a  given  time;  hovrever,  it  is  probable  that 
the  number  would  be  of  this  order,  that  is,  10  to  30.  Let  \ib  consider 
now  Irtiat  the  possible  usefulness  of  passenger  vessels  is  in  various 
civil  defense  applications  (cf.  Table  5). 

"As  Is'*  Shelters  and  Eveicxiation.  Since  passenger  vessels  axe 
designed  to  house  people  for  extended  periods,  the  bB,sic  question  is 
not  "How?"  but  "How  many?'*.  The  QUEEN  ELIZABETH,  which  carries  a  total 
coEUplement  of  3500  in  normal  service,  was  converted  during  World  War 
II  to  transport  20,000  troops;  however,  this  increase  in  capacity  by 
a  factor  of  6  was  acconrolished  only  with  considerable  modification  of 
her  interior.  Callahanl  et  al,  using  data  based  on  evacuation  of 
refugees,  estimated  that  a  ship  can  carry  1  person  per  net  ton  of 
capacity  for  periods  of  up  to  2  wk;  at  this  rate  the  QUEEN  ELIZABETH 
could  carry  about  50,000  occupeints.  In  a  well-documented  case  in  the 
evacuation  of  Pusan,  Korea,  during  the  Koreein  conflict,  a  Victory 
ship  carried  lk,000  Koreans,  landing  them  2k  hr  later  at  a  safe  harbor. 
Feeding  was  not  attempted,  conditions  were  primitive,  and  sanitation 
was  indecorous.  It  is  said  that  even  today  this  ship  can  be  recognized 
by  the  lingering  odor.  An  apocryphal  story  also  adds  that,  shortly 
after  this  incident,  the  captain  retired  from  the  sea  to  enter  a 
monastery. 

It  world  be  safe  to  assume  that  for  evacuation  purposes  a  passen¬ 
ger  liner  could  carry  up  to  6  times  its  normal  conplement  if  food  and 
water  supplies  were  adequate.  The  only  way  bo  ensure  adequate  food 
supplies  for  such  overcapacity  would  be  to  stock  civil  defense  type 
dry  rations  near  the  boarding  area  and  have  each  evacuee  carry  his 
own  rations  aboard.  This  arrangement  would  present  no  hardship  since 
a  2-wk  supply  of  survival  biscuits  for  one  person  could  be  containerized 
in  a  volume  of  less  than  1  cu  ft,  and  would  weigh  about  20  lb.  Water 
should  present  no  problem,  since  modem  passenger  vessels  raaintedn 
appreciable  stored  water  supplies  using  their  own  distillation  equip¬ 
ment  (Table  8  gives  some  actual  capacities).  ^  reducing  the  water 
consimiption  to  0.5  gal/day/person,  the  stored  supplies  would  be  ample. 

If  6  times  the  normal  conplement  were  aboard  a  ship,  bunking 
space  would  be  inadequate  even  using  3  sleeping  shifts  per  2k  hr 
(so-called  "hot  bunking").  The  deficiency  could  be  met  either  by 
bedding  people  down  in  the  public  rooms  on  furniture,  the  floor,  or  on 
previously  stocked  emergency  bedding,  A  2-wk  stay  tmder  such  conditions 
would  not  be  pleasant  but  it  would  be  survival. 
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Storage  and  Utility  Data  for  Three  Types  of 
Pansenger  Vessels®' 


PRESmEMT  wnscN 

PRESIDENT  ROOSEVELT 

INDEPENDENCE 

PulJL  load  dreuft,  fti 

31 

25 

30 

Total  fuel  oil 
capacity,  gal. 

1,200,000 

850,000 

2,260,000 

Potable  water 
capacity,  (normal) 
gal. 

100,000 

78,000 

200,000 

Total  potential 
water  capacity, 
gal. 

390,000 

160,000 

285,000 

Total  water  dis¬ 
tillation  capac¬ 
ity,  gal/day. 

182,000 

121,500 

240,000 

Fuel  consumption 
gal/day.® 

4,500 

6,400 

12,600 

Maximum  excess 
electric  power 
available  for 
shore  use,  kw. 

15,000^ 

1,700  (dc) 

4,000 

Fuel  consumption 
gal/day.'^ 

41,500 

8,800 

17,600 

Number  of  vessels 
of  type  in  service 

2 

1 

2 

From  Appendix  G. 

Primarily  from  turhoelectric  propulsion  generators, 

Q 

Assumes  main  propulsion  generator  is  in  partial  or  full  service. 
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Cornplications  arise  when  a  fallout  situation  is  superimposed  on 
the  evacuation  scheme*  It  is  in^robaible  that  the  loaded  ship  would 
remain  in  a  port  anticipating  attack,  but  the  ship  might  be  cau^t 
in  fallout  on  its  way  to  sea  or  even  at  some  distance  at  sea.  If  this 
occurred,  much  of  the  space  allocated  to  housing  persons,  particularly 
in  the  superstructxire,  would  be  unsafe  for  personnel  until  after  the 
fallout  had  ceased  and  decontamination  had  been  accomplished.  Figure 
8  shows  the  shielding  factors  at  three  locations  along  the  midline 
of  the  8S  INDEPENDENCE,  Using  as  a  conservative  value  a  reduction 
factor  of  0.02,  Figure  3  shows  the  distances  downwind  from  a  5-Mr  land- 
svirface  burst  at  which  occupants  would  receive  a  given  radiation  dose. 

As  an  example,  for  the  Idealized  wind  structure  and  100^  fission  yield 
assumed,  the  occupants  of  the  ship  would  theoretically  receive  200  r  by 
the  end  of  1  year  at  a  downwind  distance  of  1+0  mi.  Actually,  the  dose 
received  would  not  be  this  hi^,  since  the  real  wind  structures  would 
tend  to  disperse  the  fallout  more  widely,  lowering  the  peak  intensities. 
Account  must  also  be  taken  of  the  fact  that  the  fission  yield  of  the 
weapon  employed  woxild  probably  be  less  than  100^,  Thus,  if  the  weapon 
were  assumed  to  have  only  a  50?^  fission  yield,  the  doses  would  be 
reduced  by  a  factor  of  2, 

In  an  impending  attack  situation  it  would  be  difficult  to  predict 
the  time  of  fallout  occttrrence  and  the  amount  of  fallout  likely  to  be 
encountered  but  if  such  a  situation  seemed  probable,  the  following 
precautions  should  be  taken: 

1,  All  evacuees  should  be  crowded  into  the  better  protected 
spaces  on  the  ship  for  the  few  hours  fallout  ml^t  be  anticipated. 

2,  The  washdown  system,  if  the  ship  is  so  equipped,  should 
be  readied;  the  ventilation  system  should  be  prepared  for  shutdown. 

3,  The  watch  on  the  bridge  should  be  prepared  to  "lay  to" 
on  very  short  notice,  descend  to  protected  spaces  below  if  fallout 
occurs,  and  remain  there  until  such  time  as  it  is  safe  to  resume 
steaming  operations  from  the  bridge. 

Once  the  ship  has  reached  the  safety  of  the  open  sea,  it  will 
come  under  the  control  of  a  cognizant  agency  that  will  either  direct  it 
to  a  safe  harbor  or  otherwise  see  to  the  disposition  of  the  ship  and 
its  occupants. 

No  census  was  attempted  of  the  number  of  inland  or  intracoastal 
passenger  steamers  that  are  normally  used  for  pleasure  and  entertain¬ 
ment  purposes.  Such  vessels  are  widely  distributed  and  undo\ibtedly 
represent  an  appreciable  passenger  capacity.  In  addition,  they  are 
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Fig.  8  Perspective  View  of  the  SS  INDEPENDENCE  Showing  Depoi 
Reduction  Factors  at  Various  Points 


(Reduction  factors  were  obtained  by  the  method  described 
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spective  Viev  of  the  SS  INDEPENDENCE  Showing  Deposit  Radiation 
actors  at  Various  Points 

ion  factors  were  obtained  by  the  method  described  in  App.  B) 


normally  stationed  in  port  for  as  long  as  the  port  is  open,  at  least 
7  or  8  months  out  of  the  year.  They  do  have  decided  shortcomings, 
however,  including: 

1,  They  generally  have  no  overnight  accommodations  and  are 
not  equipped  to  handle  a  crowd  for  more  than  a  few  hours. 

2,  They  are  of  light  construction  and  would  offer  essentially 
no  protection  against  fallout. 

3,  They  are  limited  in  the  amount  of  maneuvering  they 
could  undertake  to  evade  fallout. 

In  summary^  such  pleasure  steamers  could  be  used  to  evacuate 
persons  from  probable  teirget  areas,  but  only  with  considerable  risk 
to  the  evacuees  from  subsequent  fallout >  and,  the  evacuees  might  be 
stranded  and  starved  on  the  ill-prepared  steamers. 

Converted  Shelters,  Since  passenger  ships  do  not  represent  flm 
shelter  spaces,  no  consideration  should  be  given  to  spending  additional 
effort  and  money  in  converting  them  into  shelters.  At  best  they  are 
expedient  shelters. 

Civil  Defense  Headquarters  or  Hospitals.  Passenger  ships  that 
survived  the  attack  phase  of  a  nuclear  attack  could  serve  as  mobile 
platforms  from  which  a  variety  of  life- sustaining  civil  defense  functions 
could  be  performed,  A  ship,  preferably  one  not  loaded  with  evacuees, 
could  be  moved  to  the  very  edge  of  population  centers  to  serve  a  variety 
of  needs.  It  Is  unlikely  that  ship  movement  would  be  Impeded  for  any 
length  of  time  by  debris  in  the  channel.  For  example,  if  the  Golden 
Gate  Bridge  in  San  Francisco  were  to  collapse,  it  would  fall  into 
200  ft  of  water;  any  structural  members  extending  into  the  channel 
could  probably  be  disposed  of  in  short  order  by  demolition  experts. 

Because  piers  are  hard  targets,  it  is  likely  that  ships  could  be 
moved  in  and  moored  at  the  edge  of  areas  of  heavy  blast  damage, 
coincidentally  probable  centers  of  high  need.  The  ships  could  take 
advantage  of  the  inherent  shielding  of  the  water,  although  decontamina¬ 
tion  of  piers  and  adjacent  land  areas  would  be  necessary.  Once  tied 
up  at  a  dock,  or  even  moored  offshore  but  accesBib].e  by  small  craft, 
ships  co\ild  function  as  headquarters  for  recovery  operations,  clearing 
houses  for  displaced  persons,  etc. 

Ships  tied  up  at  a  dock  coiiLd  use  their  own  limited  hospital 
facilities  for  handling  the  injured,  but  unless  additional  hospital 
supplies  were  available,  the  scale  of  operation  would  have  to  be  very 


limited.  If  Public  Health  Service  civil  defense  hospital  units  were 
availahlej  they  might  be  adaptable  to  shipboard  erection,  using  the  many 
large  public  rooms. 

The  ship,  if  supplied  with  fuel,  could  furnish  most  or  all  of  the 
requirements  a  field  hospital  would  demand.  No  attempt  has  been  made 
to  quantify  the  compatibility  of  a  civil  defense  field  hospital  and 
a  ship,  since  this  effort  falls  under  the  purview  of  the  Department 
of  Health,  Education  and  Welfare3;  hut  it  does  appear  that  plans  for 
passenger  ship  utilization  for  hospiteO.  purposes  might  well  be  further 
evaluated. 

Floating  Storage.  Passenger  ships  do  not  represent  any  excess 
storage  capability,  since  they  are  designed  to  be  self-sufficient  little 
cities.  However,  those  stores  they  normally  carry  for  their  own 
consumption  could,  in  time  of  emergency,  be  rationed  to  provide  for 
many  more  persons  than  originally  intended.  The  stored  water  on  a 
liner  such  as  the  SS  INDEPENDENCE  covild,  for  exangjle,  be  rationed  at 
the  rate  of  0.5  gal/day/person,  servixig  30,000  people  for  days. 

Here  again,  though,  passenger  vessels  shovild  not  be  considered  as 
firm,  sources  of  supplies,  since,  even  if  present  in  a  port,  they  might 
be  low  on  stores.  The  fuel  that  a  ship  carries  is  generally  adequate 
only  for  its  own  continued  activityj  furthermore,  such  fuel  is  of  a 
qviallty  generally  tmusable  in  shoreside  power  plants.  Table  8  and 
Table  I,  Appendix  G,  give  further  details  of  passenger  vessel  storage 
capacity. 

Floating  Utilities,  In  an  emergency,  passenger  vessels  would  be 
excellent  soxirces  of  potable  water  and  mi^t  be  good  sources  of  electric 
power.  All  three  of  the  liners  shown  in  Table  8  can  produce  large 
amounts  of  potable  water  each  day  in  their  evaporators  with  the 
expenditure  of  relatively  small  amounts  of  fuel.  The  potentiaJ.  of  a 
ship,  such  as  the  SS  INDEPENDENCE,  for  supplying  the  potable  water 
needs  of  a  refugee  population  is  indeed  significant.  At  the  minimum 
ration  of  0.5  gal/day  per  person,  approximately  one-half  million 
people  could  be  sustained.  The  use  of  shallow-draft  tankers  or  barges 
for  distribution  would,  in  addit.,on,  appreciably  increase  the  potential 
area  of  coverage. 

The  excess  electrical  power  available  for  shore  use  varies  from 
the  virtually  useless  direct  ciirrent  (17OO  of  the  PRESIDENT' 
ROOSEVELT  to  the  entire  alternating  current  output  of  the  PRESIDENT 
WILSON  (15,000  kw).  Tlie  SS  INDEFENDEl'lCE,  a  more  typical  case,  could 
supply  i|-000  kw,  ac.  Although  this  amount  may  sound  qixLte  impressive, 
it  must  be  brought  into  perspective.  Consolidated  Edison  Company, 
which  serves  New  York  City,  has  generating  capacity  of  roughly 


5>  000, 000  kw.  If,  in  an  emergency,  it  were  poasible  to  cut  the  demand 
bach  to  only  of  this  value  and  somehow  distribute  it  where  needed, 
50,000  kw  would  still  be  required.  This  amount  is  far  in  excess  of  the 
power  available  from  a  ship.  Further,  complications  arise  when  consider¬ 
ing  the  distribution  of  power  from  a  ship;  the  ship  generates  power  at 
450  V,  vhidh  must  be  increased  throu^  suitable  transformers  to  match 
the  line  voltage  of  the  system,  usually  12,000  v.  However,  it  is  true 
that  communities  have  depended  from  time  to  time  on  ship-generated 
power  using  temporary  connections,  and  it  might  be  feasible  to  so 
serve  critical  functions  in  a  widespread  disaster  area.  It  would  appear 
more  practicable  though,  to  limit  the  distribution  of  the  power  from 
a  ship  to  some  small  nearby  sector  so  that  elaborate  transformers  and 
connections  wo\ild  not  be  required. 


The  problem  cf  transferring  the  power  from  the  ship  to  shore  is 
slight  if  the  ship  is  docked  at  a  modern  pier  that  has  provisions  for 
the  interchange  of  poorer.  In  other  situations,  particularly  if  the 
ship  is  moored  more  than  200  feet  from  shore,  the  hookup  will  be 
considerably  complicated.  For  these  longer  distances,  underwater  cable 
would  be  the  only  possible  hookup.  The  installation  of  such  cable  would 
not  be  a  simple  task  even  if  a  special  boat  were  available. 


The  fuel  reqirirementa  for  power  generation  are  relatively  low  and 
represent  qtilte  efficient  utilization  of  available  fuel.  A  shoreslde 
steam  plant  produces,  on  the  average,  5OO  kwhr  per  barrel  of  fuel  oil;° 
the  rates  for  the  WILSON  and  INDEPENDMCE  are  375  and  250,  respectively. 


3«2.3  General  Cargo  Ships 


General  cargo  ships,  commonly  called  freighters,  constitute  the 
major  portion  of  the  traffic  in  most  ports.  Freighters  may  have  five 
or  more  separate  holds,  some  of  which  may  be  refrigerated  space 
("reefers");  they  are  generally  adaptable  to  carrying  a  variety  of 
cargos.  The  net  tonnage  (a  measure  of  volume)  of  such  ships  may  vary 
from  1000  tons  for  some  of  the  very  small  foreign  ships  up  to  7500  tons 
for  the  Mariner,  the  newest  class  cargo  vessel  in  the  American  fleet. 
Freighters  can  legally  carry  up  to  12  passengers,  and  many  do  so. 
Specialized  ships  may  also  be  found  in  most  ports  and  predominate  in 
some  ports.  Such  ships  are  built  to  carry  only  one  type  of  cargo 
(iron  ore,  coal,  bananas,  automobiles,  etc,).  The  bulk  material  carriers, 
because  of  their  design  and  utilization,  appear  to  have  little  or  no 
civil  defense  usefulness^  the  others  will  be  grouped  and  discussed  with 
geneial  cargo  ships.  Pertinent  data  on  several  classes  of  cargo  ships 
are  given  in  Table 


The  number  of  general  cargo  freighters  in  a  port  will  fluctuate 
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ON 


48 


Table  9  continues 


of  General  Cargo  Vessels® 
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considerably,  shewn  in  Appendix  D,  Pig.  D.3»  Further,  the  type  and 
amount  of  cargo  on  a  ship  might  he  a  limiting  factor  for  civil  defense 
usage.  Tlhus,  freighters  cannot  he  predicated  for  any  firm  civil  defense 
usage;  however  a  previously  formulated  plan  could  ensvire  that  such 
potential  as  they  do  possess  would  he  utilized. 

"As  Is"  Shelters  and  Evacuation.  A  freighter  has  accommodations 
for  about  50  crew  members  and,  often,  for  12  passengers.  Even  utilizing 
hot  bunking  and  available  space  in  the  few  public  rooms,  a  typical 
freighter  would  he  unable  to  house  more  than  300  or  400  evacuees,  and 
that  with  considerable  discomfort.  Moreover,  all  living  spaces  are 
either  in  the  superstructure  or  Just  below  the  main  deck  and  offer 
practically  no  shielding  from  fallout.  For  these  reasons,  it  would 
appear  logical  to  limit  the  lifesaving  utilization  of  freighters  to 
crew  members  and  to  any  laborers  working  on  the  ship  at  the  time  of  the 
alert. 


In  certain  circumstances  and  locations,  the  use  of  freighters  for 
local  evacuation  might  he  considered.  In  this  case,  evacuees  might 
fill  to  capacity  the  main  deck  and  ^tween-decks  spaces  that  are  cargo- 
free.  A  ship  of  the  C3  class  might  he  able  to  transport  10,000  persons 
short  distances.  In  a  port  such  as  Hew  Orleans,  a  ship  loaded  to 
capacity  could  steam  upstream  or  downstream  some  50  or  100  miles  and 
land  the  evacuees  in  some  safer  area.  Hopefully,  the  evacuation  route 
would  evade  any  fallout,  since  the  ship  itself  would  provide  little 
shielding  (see  Fig.  9),  After  discharging  the  evacuees,  the  ship 
could  continue  to  a  designated  safe  harbor  for  assignment. 

If  the  ship  is  about  to  be,  or  is  cau^t  in,  fallout,  the  crew  can 
drop  anchor,  secure  the  main  engines,  cut  out  the  unnecessary  boilers, 
button  up  the  weather  envelope,  and  go  below  to  the  engine  room  and 
shaft  alley  for  the  duration  of  fallout. 

Converted  Shelters.  Any  effort  to  modify  cargo  ships  for  passenger 
carrying  service  would  subvert  their  basic  assignment.  Such  a  conver¬ 
sion  is  deemed  unacceptable. 

Civil- Defense  Headq,uarters  or  Hospitals,  The  leirge  spaces  in  the 
'tween  decks  of  freighters  might  have  usefulness  in  some  civil  defense 
applications.  For  example,  with  suitable  lighting  and  improvised  access 
ladders,  such  spaces  could  be  turned  into  large  offices,  monitoring 
headq,uarters,  etc.  However  freighters,  especially  older  ones,  have 
limited  electrical  generating  capacity  so  that  the  uvtmber  of  activities 
that  could  be  headq,uartered  on  a  ship  might  be  limited,  Iniprovised 
sanitary  facilities  would  also  have  to  be  provided. 
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Fig.  9  Intoard  Profile  of  an  Unmodified  Liberty  Ship  Show 
Reduction  Factors  for  Deposit  Radiation  at  Various  Points 

(Reduction  factors  were  obtained  by  the  method  describ 
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Inboard  Profile  of  an  Unmodified  Liberty  Ship  Showing  Radiation 
5n  Factors  for  Deposit  Radiation  at  Various  Points 

luction  factors  were  obtained  by  the  method  described  in  App.  B) 


If  no  suitable  buildings  survived  the  alrblast  and  fire,  a  civil 
defense  field  hospital  might  be  installed  in  the  large  open  spaces 
available  in  the  'tween  decks  spaces.  Most  freighters  would  have  the 
necessary  utilities  for  the  functioning  of  such  a  hospital. 

Floating  Storage.  The  cargo  a  freighter  carried  at  the  time  of 
attack  might  represent  a  real  asset  to  national  survival  in  the  post¬ 
attack  period.  Con8eq.uently,  the  cargo  of  each  vessel  should  be 
documented  as  soon  as  it  arrives  at  a  safe  harbor  and  the  resulting 
tabulation  used  to  employ  any  useful  materials  in  the  best  Interest 
of  the  nation.  Such  disposition  would  involve  agreement  between  MARAD, 
the  military,  OCD,  and,  if  feasible,  the  owners  of  the  cargo.  In  toto, 
such  cargo  cotild  represent  a  significant  lifesaving  capability,  and! 
preplanning  should  be  instigated  to  ensure  that  this  potential  is  not 
overlooked  in  the  event  of  attack. 

Freighters  do  not  carry  quantities  of  fuel  and  water  much  in  excess 
of  their  own  requirements  and  are  not  deemed  sources  of  these  commodities. 
However,  stores  could  be  rationed  to  serve  a  much  larger  population  than 
that  of  a  ship's  crew.  Certain  classes  of  ships  have  appreciable  tank 
capacity— normally  used  for  transporting  edible  oils,  etc. — that  could 
be  converted  for  storage  or  transportation  of  water.  However,  the 
converted  tankers  wotld  probably  be  useful  in  civil  defense  only  in  a 
secondary  role. 

Floating  Utilities.  It  can  be  seen  from  Table  9  that  the  newer 
cargo  ships  have  a  definite  capability  to  provide  both  water  and  elec¬ 
tric  power  to  shore  points.  However,  the  qiiantlties  are  Insufficient  to 
suggest  this  capability  as  a  primary  use  for  cargo  ships.  Moreover,  if 
these  ships  were  used  for  hospitals,  headquarters,  etc,,  available 
utilities  would  be  fully  used.  The  older  cargo  ships  and  most  foreign 
ships,  produce  either  dc  power,  which  is  unusable  at  most  shore  instal¬ 
lations,  or  else  insufficient  power.  The  relatively  nmni i  evaporator 
capacity  coupled  with  the  large  storage  capacity  suggests  that  tanks 
might  be  filled  while  the  ship  cruised  at  sea,  and  the  potable  water 
transferred  to  shore  installations  upon  arriving  in  port. 

3.2,4  Tankers 


Tankers  range  in  size  from  the  supertankers  capable  of  carrying 
some  800,000  barrels  of  oil,  down  to  the  now  obsolescent  T2's  of  World 
War  II,  with  a  capacity  of  about  150,000  barrels.  In  many  ports, 
tankers  represent  about  a  quarter  of  the  total  traffic.  These  ocean¬ 
going  tankers  are  supplemented  by  a  number  of  shallow-draft  smaller 
vessels  for  intracoastal  or  inland  use,  maiy  of  which  are  non-self- 
propelled,  for  instance,  barges,  which  must  be  towed.  Most  tankers 
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carry  only  ciMde  or  refined  petroleum  products,  although  specialized 
tankers,  •which  can  carry  ammonia,  maLasses,  edible  oil,  -wine,  etc., 
are  in  service.  Tankers,  because  of  their  excessive  draft  (some  have  a 
50- ft  draft),  often  anchor  in  midchannel  and  unload  through  pipelines 
or  by  lighters  to  shore,  A  tanker  can  vinloed.  its  three  or  four  major 
products  simultaneously  and  in  a  matter  of  a  few  hours, 

"As  Is'*  Shelters  and  Evacuation,  Tankers  carry  ko  to  50  crew 
members,  and  some  have  space  for  up  to  the  legal  limit  of  12  passengers. 
Aside  frcM  these  spaces,  however,  there  is  hardly  even  "standing  room" 
aboard  for  possible  evacuees.  Tankers  are  designed  to  ride  low  in  the 
■water;  consequently,  the  deck  is  often  awash  on  a  fully  loaded  tanker 
in  moderately  gentle  seas.  An  open  raised  catwalk  allows  crewmen  to 
get  from  one  end  of  the  ship  to  the  other  when  necessary.  Such  a 
design  obviously  precludes  using  tankers  for  even  the  most  elementary 
evacuation  purposes.  At  best,  a  tanker  could  acccanmodate  its  crew 
plus  the  various  workers  who  mi^t  he  employed  at  the  terminal.  The 
lowest  level  in  the  engineroom  would  be  the  only  possible  shelter  space 
in  the  ship;  however,  because  of  the  placement  of  the  engines  in  the 
stern  of  the  ship,  the  degree  of  shielding  obtainable  there  mlg^t  be 
mediocre. 

Converted  Shelters;  Civil  Defense  Headquarters.  Tankers  have 
little  or  no  civil  defense  potential  as  converted  shelters,  headquarters, 
etc. 


Floating  Storage,  Petroleum  and  petroleum  products  constitute 
about  k056  of  the  total  tonnage  of  waterborne  commerce  (Table  4),  This 
tonnage  also  represents  a  stored  reserve  that  would  be  available  after 
the  attack,  except  for  those  tankers  damaged  or  destroyed  by  the 
direct  weapon  effects.  Prompt  evacuation  of  tankers  from  ports  and 
diversion  of  those  at  sea  to  safe  harbors  would  act  to  save  these 
Important  ships  and  their  equally  important  cargo.  However,  about 
one-third  of  this  potential  reserve  (Table  lO)  would  be  on  smaller 
domestic-internal  vessels  or  barges,  and  xxnless  preplanning  is  thorough, 
many  of  these  vessels  might  be  cau^t  in  areas  of  heavy  physical  damage. 

Definite  problems  may  arise  in  selecting  the  best  utilization  of 
petroleum  reserves  that  have  survived  the  attack.  Refined  products 
(gasoline,  diesel,  etc.)  wo\0.d  have  only  to  be  allocated  and  dispersed 
for  use.  The  residual  fuels  (Bunker  C,  etc.)  are  generally  usable 
only  in  large  stationary  or  marine  ei^ines  so  that  allocation  and 
distribution  would  be  the  only  concern.  Crude  oil,  •vAiich  accounts  for 
about  one-third  of  the  potential  shlpborne  reserve,  could  be  delivered 
to  a  refinery  for  processing.  What  is  to  be  done,  however,  if  the 
refinery  is  damaged  by  the  attack?  The  crude  oil  could  either  be  stored 
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Tat>le  10 


Waterborne  Movement  of  Petroleum  Products  for  Calendar  Year  i960 


(Net  traffic  in  1000 's  of  tons  of  2,000  pounds) 


Crude  01 1^ 

Refined 

Products*^ 

Residuals'^ 

Total 

Movement 

Foreign®' 

68,363 

11,028 

42,345  1 

289,452 

Domestic- 

Coastvise 

39,175 

106,J+88 

22,053  I 

Dcmestic- 

Intemal 

34,962 

83,645 

31,106 

149,713 

Total 

142,500 

201,161 

95,504 

®PredOTilnate3^  imports. 

*1- 

Commodity  code  511. 

^Commodity  codes  5O7, 5IO, 512, 513>5l8, 519^520,  and  522. 

“Canmodlty  codes  51^  and  516;  most  could  be  used  to  fire  stationary 
or  marine  engines. 

Source:  Table  2  of  Hef.  16. 
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in  available  space,  transported  to  another  refinery  that  could  utilize 
the  particular  grade  of  crude,*  or  used  unrefined  to  fuel  large 
statlonaiy  or  marine  engines.  .For  Ufe-sustednlng  operations,  this 
latter  use  might  be  very  valuable,  since  crude  oil  could  be  burned 
directly  to  provide  steam,  electricity,  and  water  during  the  early 
recovery  phase.  Decisions  for  such  use  would  depend  on  the  Immediate 
situation,  but  guidelines  should  be  developed  eind  prosmUgated. 

The  use  of  general-purpose  tankers  for  the  movement  of  water 
supplies  into  destitute  areas  does  not  hold  much  merit.  First,  the 
ships  have  an  Important  mission  in  hauling  petroleum  products  and 
second,  the  tanks,  even  if  carefully  cleaned,  would  probably  contami¬ 
nate  a.'<y  water  subsequently  carried.  Only  if  special  coatings  were 
applied  to  the  walls  of  the  tanks  could  the  potability  of  the  delivered 
water  be  assured.  However,  certain  tankers  now  in  cammerclal  service 
would  seem  to  be  nearly  ideal  for  water  cariylng  service.  The  ANGELO 
FETRI,  for  example,  is  a  modified  T-2  tanker  fitted  with  stainless 
steel  cargo  tanks  throughout,  with  a  total  capacity  of  2,500,000  gallons. 
This  ship,  which  normally  carries  wine  and  other  edible  products,  could 
transport  svifficient  water  to  maintain  a  substantial  population. 

Floating  Utilities,  Tankers  have  limited  usefulness  as  sources 
of  potable  water  both  because  their  evaporator  units  are  quite  small 
and  because  these  units  are  of  the  relatively  inefficient  single-pass 
type.  However,  this  capacity  might  be  used  as  an  adjunct  to  the 
primary  mission.  For  example,  a  tanker  while  crossing  the  Pacific 
with  a  load  of  petroleum  products  could  be  using  its  excess  evaporator 
capacity  to  fill  2  or  3  (of  its  4o)  tanks  that  had  been  converted  for 
water  storage.  Also,  a  tanker  used  primarily  for  power  generation  in 
port  could  simultaneously  produce  potable  water. 

The  auxiliary  generating  capacity  of  the  larger,  modem  tankers, 
could  produce  appreciable  power  for  use  on  shore.  However,  the  T2  tan¬ 
kers  of  World  War  II  vintage  are  driven  by  turbo-electric  propulsion, 
which  is  so  designed  that  the  entire  electrical  output  can  be  used 
shoreside.  In  the  past,  several  T2’b  have  hod  the  misfortune  to  split 
in  twoj  on  occasion  the  stem  containing  the  engines  has  been  salvaged 
and  beached,  there  to  serve  the  electric  needs  of  nearby  communities 
for  extended  periods.  No  \musual  problems,  aside  from  the  customary 
ship-to- shore  hookup  were  encountered  with  such  use  of  a  T2,  As  can  be 
seen  from  Table  11,  a  T2  fully  loaded  with  fuel  that  could  be  used  in 
its  boilers  (practically  any  petroleum  product  but  gasoline)  could  run 


*A  crude  oil  is  not  necessarily  usable  in  a  nearby  refinery,  since 
refineries  are  designed  around  one  type  of  crude. 
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Table  11 

SELECTED  DATA  FOR  SEVERAL  CLASSES  OF  COMMERCIAL  TANKERS^ 


Post  W  II  Tankers 

Item 

T-2 

30 

DWT® 

45 

DWT 

60 

DWT 

Length,  ft 

533 

661 

725 

825 

Breadth,  ft 

68 

90 

100 

no 

Depth,  ft 

39 

^5 

50 

60 

Full  load  draft,  ft 

30 

34 

36-38 

42-46 

Cargo  capacity,  tons 
(of  2240  lb) 

15,640 

32,000 

45,000- 

50,000 

60,000- 

80,000 

Total  fuel  oil  capacity 
(for  ship  operation),  gal 

620,000 

850,000 

1,670,000 

1,670,000 

Cargo  capacity,  fuel 
oil,  gal  (maxlmum)° 

4,350,000 

9,750,000 

14,000,000 

22,300,000 

Potable  water  capacity 
(normal),  gal 

36,400 

35,500 

/^30,000 

Total  water  distillation 
capacity,  gal/ day 

7800 

12,000 

18,000 

18,000 

Fuel  consumption, 
gal/day 

870 

1350 

2000 

2000 

Maximum  excess  electric 
power  available  for  shore 
use,  kw 

5400 

600 

1000 

1000 

Fuel  consumption, 
gal/day 

16,700 

4000 

5600 

5600 

'Jo.  of  vessels  of  class 

Ln  service 

50 

450 

150 

150 

Table  11  continues 
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Table  11  (cont. ) 


gl 

From  Appendix  G. 

^Capacity  would  "be  very  slightly  less  for  water. 
*^Dead  weight  tons. 
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for  almost  10  TQonths  as  an  Isolated  generating  plant.  Simultaneous 
use  of  the  evaporator  plant  would  have  little  effect  on  this  time.  This 
combination  of  power  production  and  hullt-ln  fuel  supply  suggests  that 
T2  tankers  be  allotted  a  hl^  priority  for  postattack  power  generation 
and  that  the  larger  tankers  be  reserved  for  continued  operation  as  fuel 
transpoirts. 

3.2.5  Small  Vessels  and  Boats 


Small  vessels— those  in  the  5-ton  to  1000-ton  class— nuniber  perhaps 
35>000  and  are  widely  scattered  throu^out  the  nation.  Most  are  used  in 
Inland  or  coastal  commercial  service  althou^  a  few.  Including  fishing 
boats  and  yachts,  are  routinely  in  service,  at  sea.  Most  of  the  vessels 
In  Inland  or  coastal  commercial  service,  Including  barges,  lighters, 
tugs,  etc.,  do  not  appear  to  have  significant  civil  defense  usage 
except  in  their  very  necessary  support  functions.  Ocean-going  fishing 
boats  and  yachts,  which  represent  only  a  small  fraction  of  the  class, 
are  considered  in  connection  with  pleasure  boats. 

Pleasvure  boats— less  than  5  tons— are  estimated  to  number 
i)-,  500,000  for  the  country. 9  However,  only  about  12^  (estimated  550,000) 
of  these  are  designed  to  house  four  or  more  people  for  overnight  or 
longer.  Moat  of  these  boats  are  the  inboard-eigine  type,  and  all  are  at 
least  16  ft  in  length. 10  Pew  of  these  larger  boats  are  Intended  for, 
or  ever  given,  service  at  sea.  They  are  primarily  for  use  in  inland 
areas  or  sheltered  coastal  regions;  civil  defense  utilization  should 
recognize  this  limitation.  Within  these  limits,  though,  these  larger 
boats  oo\fLd  well  serve  as  supplemental,  or  even  firm,  shelter  spaces 
for  a  widely  scattered,  but  highly  Belec*-ive  population. 

What  little  shielding  protection  boats  offer  from  fallout  can  be 
effectively  Increased  by  the  installation  of  a  simple  washdown  system. 
After  the  cessation  of  fallout,  boats  can  take  advantage  of  the  shield¬ 
ing  offered  by  anchoring  off  shore  in  the  middle  of  a  deep  body  of 
water.  Figure  3  shows  the  radiation  dose  that  might  be  received  aboard 
a  small  boat  at  various  downwind  distances  from  a  5-MT  land-surface 
btiTst,  EJven  with  a  washdown  system,  it  seems  likely  that  occupants  of 
a  boat  could  receive  a  fatal  radiation  dose  even  20  miles  downwind 
frcm  the  point  of  burst.  For  this  reason  the  mobility  of  the  craft  is 
of  great  importance ,  Prior  evaluation  of  probable  target  areas  could 
locate  probable  safe  harbors  for  boats  at  reasonable  distances  from 
normal  berths.  Thus,  in  the  face  of  an  attack,  boat  owners  could  load 
their  families  and  friends  in  their  boat  and  head  for  the  nearest  safe 
haibor,  laying  to  there  for  as  long  as  necessary.  Such  a  course  of 
action  would  require  prior  preparation  and  might  well  include  the 
installation  of  a  washdown  system  to  provide  better  protection  from 
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fallout.  With  sufficient  provisions,  a  family  group  cotild  live  on  a 
larger  boat  for  2  wk. 

Certain  negative  factors  may  vitiate  much  of  the  value  of  larger 
boats  as  shelters;  these  include: 

1,  Inaccessibility  of  the  boat  to  the  owner  at  the  time 
of  alert  or  attack.  Many  people  do  not  live  close  to  the  place  at 
•which  their  boat  is  docked, 

2,  Environmental  conditions  that  prevent  the  use  of  the  boat. 
Foul  weather,  frozen  waters,  or  even  the  darkness  of  night  may  make 
movement  of  'the  boat  Inipractical  or  iznpossible, 

3,  Excessive  deposition  of  fallout  on  the  boat  even  -with  the 
best  planning  and  na'vlgatlon, 

4,  Occurrence  of  piracy  or  other  acts  of  lawlessness, 

5,  Damage  of  the  boat  by  the  attack. 

The  multitudinous  smaller  boats  scattered  throughout  the  nation 
could  conceivably  be  used  to  ferry  people  from  population  centers  to 
good  shelters  (perhaps  caves)  along  adjacent  waterways.  However,  the 
problems  mentioned  for  the  larger  boats  became  ccnpounded,  and  it  appears 
probable  that  such  a  mass  evacuation  attenpt  might  serve  only  to  expose 
people  needlessly. 

Larger  sea-going  craft,  which  should  also  be  'equipped  with  a  wash¬ 
down  system,  appear  relatively  promising  as  supplementary  shelters. 
Pishing  craft,  for  example,  could  sustain  a  number  of  people  in  addition 
to  the  crew  and  would  be  less  subject  to  the  negative  factors  outlined 
above.  Such  craft  could  also  simultaneously  fulfill  their  normal  role 
of  food  sippliers. 

Boats  offer  no  usable  capacity  for  headquarters,  storage,  or  utlli-ty 
generation* 

3.3  INACTIVE  SHIFS 

3,3*1  National  Defense  Reserve  F3.eetB  (HDRF) 

Large  numbers  of  U*S.  ships,  merchant  and  naval,  are  not  currently 
in  active  service  for  several  reasons.  Some  ships  are  always  in  ship¬ 
yards  imdergolng  major  repair  or  modification,  and  •would  be  unavailable 
in  an  emergency.  Some  merchant  ships  may  be  laid  up  in  a  dead  state 
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for  extended  periods  "beoause  of  economic  and  business  factors;  these 
ships  could  be  made  available  with  1  or  2  day’s  notification  providing 
operating  crews  were  available.  Most  inactive  ships,  however,  are  to 
be  found  in  two  major  reserve  fleets:  the  National  Defense  Reserve 
Fleet  (NDRF)  under  MARAD  and  the  Naval  Reserve  Fleet  under  Bureau  of 
Ships,  U.S.  Navy,  Department  of  Defense,  The  former  fleet  is  composed 
primarily  of  commercial- type  vessels;  the  latter  of  naval  ships.  These 
two  fleets  win  be  discussed  in  detedl  in  the  next  subsection. 

The  MARAD  maintains  8  reserve  fleets  at  those  locations  shown  on 
Fig,  4,  One  of  the  largest  fleets— and  typical  of  many  of  the  fleets— 
is  the  one  located  at  Sulsun  Bay,  about  40  miles  northeast  of  San 
Francisco,  An  aerial  view  of  this  fleet  is  shown  in  the  frontispiece. 
Table  12  indicates  the  diversity  of  the  vessels  found  in  the  Sxiisun 
fleet.  A  considerable  number  of  these  ships  belong  to  the  Navy,  which 
rents  space  from  MARAD.  This  arrangement  has  been  made  because  these 
particular  Navy  ships,  mostly  stipport  types  (personnel  or  cargo  tran¬ 
sports),  do  not  require  the  relatively  expensive  mothball  preservation 
the  Navy  uses  on  its  figjhting  ships. 

Let  VIS  consider  now  the  modus  operand!  of  a  reserve  fleet,  such  as 
the  one  at  SuLsun  Bay.  The  site  selected  must  be  out  of  active  shipping 
chaimels,  yet  accessible  via  them.  The  location  must  not  Intrude  on 
commercial  fishing  waters.  Sufficient  depth  must  be  available  to  float 
the  ships.  The  bottom  material  must  be  suitable  for  anchoring,  and 
tidal  action  cannot  be  too  strong.  The  water  cannot  be  too  saline,  or 
preservation  becomes  very  difficult  and  expensive,  Beoause  of  such 
requirements  the  reserve  fleets  visually  are  located  in  rather  remote 
areas,  which  la  normally  satisfactory  since  only  a  small  crew  of 
maintenance  personnel  have  occasion  to  regularly  commute.  The  land 
approach  to  the  Suisun  fleet,  for  exanple,  is  a  narrow,  twisting  two  lane 
road  that  stretches  over  salt  flats,  ending  at  the  headquarter  ship. 

From  there,  the  fleet  is  accessible  by  one  of  the  four  or  fire  patrol 
boats  or  tugs  that  the  custodial  and  maintenance  personnel  use.  The 
roving  patrols,  which  operate  24  hr  a  day  to  keep  off  sightseers, 
thieves,  etc,,  and  to  check  for  any  signs  of  ship  leakage,  make  a 
round  trip  of  the  fleet  in  a  little  over  an  hour.  An  Indlvidueil  ship 
can  be  boarded  only  from  the  ends  of  the  rank,  using  the  small  floating 
dock  and  steel  ladder  way  provided  there.  All  ships  in  between  must  be 
crossed,  through  unlit  passageways,  to  reach  the  desired  ship;  thus^ 
it  may  require  15  min  to  reach  a  more  remote  ship  in  a  rank  of  30  ships. 

The  preservation  technique  used  on  vessels  in  the  NDRF  varies, 
depending  on  the  priority  assigned,  that  is,  how  available  the  vessel 
must  be  for  reactivation.  (There  are  six  priority  classifications  as 
well  as  a  nonpriority,  or  "ready  for  scrapping,"  classification.) 
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Table  12 

Sunnnary  of  Vessels  in  the  United  States 
National  Defense  Reserve  Fleet®' 


RE3ER7E  FLEET  NAME  AHD  LOCATICK" 


VESSEL  TIPEJ 


TOTAL 


GENERAL 

CARGO 


Liberty 
Victory 
sU-ssy-BBi 
others 


OTIS" 


PASSENGER 
h  TROOPERS 
Victory 
Liberty 
S4-SEa-BDl 
Others 


ifraSE" 


liANKERS 

^ - 

Others 


;f®5s" 


HOSPITAL 
SHIPS 


Liberty 

Others 


TOIAIB 


DTSTT  ll.TNf; 

SHIPS 


Llber4iy " 
T2 


OTIS' 


nAvY  OWNED 

VE3SEIL  IN 

TEMPORARY 

FlfflT 

cusTora<= 


ATIANTIC  COAST 


Hudson] 

Hiver 


949 

181 

25 

262 


■mr 


Jones 

Point, 

N.Y. 


Lee  RaU,| 
Virginia 


34 

2 

38 


123 

18 

15 


?5r 


47 

JO 


ji 


12 


IT 


96 


ORAND  total!  1766  1 181 


Janes 

River 


27 

2 

E- 


65 

1 

6 


tI 


12 

2 


"IT 


23 


J^ 


Wilmington 


Wilmington 

North 

Carolina 


"W 

8 

il- 


8 

3 

ir 


1W' 


GULF  COAST 


Beaumont 


Beaumont, 

Texas 


■w 

13 

2 

Ji. 


m: 


Mobile 


Bay  Minette 

Alabama 


OT 

25 

3 


PACIFIC  COAST 


Astoria 


Astoria; 

Oregon 


■TTr 

23 

1 

152 


15 

6 


"ST 


12 


"355" 


•w 


TST 


Olye^la 


Olympia 

Wash. 


33 
23 

4 

34 


Sulsun 

Bay 


Benicia, 

Calif 


36 

3 


4 

16 

SS- 


9 

2 

TT 


30 

18 

7 

1: 


10 

14 

"sr 


23 


iw 


32 


•w 


^United  States  Department  of  Commerce;  Maritime  Administration;  Division 
of  Ship  Custody-;  30  June  1962. 

°See  Fig.  4,  Map  of  Principal  Waterways  of  the  United  States;  for  the 
location  of  each  of  these  fleets. 

'^These  vessels  are  not  included  in  the  grand  totals. 
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Priority  ships,  although  con^pletely  dead,  are  under  a  continuous 
maintenance  program  to  protect  exterior  and  Interior  surfaces  as  veil 
as  the  englneroom  components#  Such  ships,  3^  supplied  with  utilities 
(light,  heat,  water,  and  sanitation),  sleeping  accommodations  (most 
ships  have  bunks  but  no  mattsjesses)  and  rations,  would  be  habitable 
without  further  cleanup,  Nonpriority  ships,  which  may  have  received 
no  maintenance  for  5  or  more  years,  present  a  less  palatable  picture 
and  some  preliminajy  work  would  be  required  to  meet  minimum  habitation 
standards. 

Ships  in  the  HDBF  are  given  periodic  engine  maintenance#  They 
cany  sufficient  fuel  and  water  supplies  aboard  to  permit  them,  after 
an  in  situ  recommissioning  by  assigned  crews  (requiring  ^*6  to  72  hours), 
to  steam  to  a  shipyard  where  the  vessel  could  he  cotupletely  reactivated 
for  sea  duty,  Althotagh  this  concept  seems  workable,  it  is  definitely 
limited  by  the  number  of  crews  that  could  be  recruited,  by  the  quantity 
of  spare  parts  aboard  the  ship  itself,  and  the  capacity  of  available 
shipyards.  Realistically,  a:fter  an  enemy  attack,  most  of  the  ships  in 
a  reserve  fleet  could  he  ejected  to  remain  in  place  (unless  moved  by 
tugs  to  another  storage  area)  and  would  be  available  as  short  term 
shelters# 

3#3*2  Liberty  Ships 

Liberty  ships,  some  2000  of  \Aiich  were  built  in  World  War  II, 
comprise  the  majority  of  ships  in  the  NRDP#  Of  the  total  of  approxi¬ 
mately  900  now  in  the  fleet  (see  Table  12)  250  are  priority  ships, 
kCXi  have  recently  been  placed  \mder  the  Emergency  Ship  Program  for 
limited  maintenance,  and  the  rest  Jtust  sit,  unattended,  awaiting 
scrapping#  Currently,  about  fifty  Liberties  a  year  are  scrapped  at  an 
average  sale  price  of  $^,000  eachj  the  oilglnal  cost  was  $2,400,000# 
When  the  Liberties  are.  gone,  the  next  lowest  prlorlly  ships,  probably 
the  Cl* a, will  be  scrapped# 

”A8  Is”  Shelters#  Liberty  ships  possess  little  or  no  "as  is'* 
shelter  potential  both  hecavise  of  their  inherent  structural  characteris¬ 
tics  and  their  locations  in  MARAL  reserve  fleets#  Reiterating,  the 
deficiencies  of  an  NRDP  for  emergency  hoiising  of  an  evacuee  populace 
are: 


1#  The  fleet  is  usually  not  readily  accessible  by  a  land 
route  from  pop\fLation  centers# 

2,  Movement  of  evacuees  to  the  ship  is  possible  only  with 
small  boats# 
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3«  Boarding  a  rarik  of  ships  and  reaching  the  desired  posi¬ 
tion  in  a  given  ship  represents  a  possible  major  bottleneck.  Even  if 
thousands  of  small  boats  brought  evacuees  to  the  ships,  access  is 
only  through  one  or  two  points  of  entry  for  a1 1  ships  in  a  rank. 

4,  The  ships  are  dead  and  have  no  facilities  for  housing  or 
feeding  people. 

Liberty  ships,  in  addition  to  the  corporate  shortcomings  of  reserve 
fleets,  were  designed  as  cargo  carriers  and  the  only  housing  space  is 
in  the  deck  house  where  there  is  little  protection  from  fallout  radia¬ 
tion.  To  think  of  Tunneling  evacuees  into  a  dark  dead,  ship  and  having 
them  climb  down  the  oil- covered  rungs  of  a  steel  ladder  into  the 
bowels  of  a  maimnoth  hold  is  ludicrous.  Of  covirse,  the  holds  have  no 
sanitation,  lights  or  ventilation.  Even  if,  somehow,  it  appeared  to  be 
the  best  choice  of  shelter  available,  an  inspection  of  Fig.  9  shows 
that  the  shielding  afforded  by  a  Liberty  ship,  with  the  possible 
exception  of  the  engine  room  area  (which  is  also  the  most  accessible, 
but  could  hold  very  few  people),  may  be  no  better  than  that  of  a  well- 
built  office  hxiilding.  In  summary.  Liberty  ships  hold  no  merit  as 
"as  is"  shelters. 

Converted  Shelters.  A  Liberty  ship,  because  of  the  open  construc¬ 
tion  of  its  cargo  holds,  could  be  modified  for  shelter  purposes. 
Furthermore,  since  these  ships  are  surplus,  unusual  concepts  can  be 
considered.  Figure  10  shows  a  proposed  accommodation  plan  of  the 
second  deck  of  a  Liberty  ship  converted  to  provide  acccamnodations  for 
approximately  510O  persons  and  to  afford  an  average  protection  factor 
against  fallout  of  0,005  (O.OOO5  with  washdown).  The  shielding  factors 
for  deck-deposit  radiation  at  various  points  within  the  ship  are 
shown  in  Fig,  11,  Appendix  E  lists  in  some  detail  the  modifications 
and  costs  for  the  indicated  conversion.  Basically,  a  4  inch  concrete 
shield*  has  been  placed  on  the  main  deck  of  the  vessel  and  two 
additional  decks  have  been  laid  throughout  the  ship,  including  the 
engine  room  whose  components  have  been  removed  to  provide  additional 
shelter  space.  The  layout  of  the  living  areas  is  oriented  to  survival 
standards;  there  are  no  frills.  The  design  capacity  of  50^6,  based  on 
an  average  of  about  12  sq,  ft,  per  person,  could  be  doubled  using  hot 
bunking  without  affecting  the  stability  of  the  ship.  The  modified 

*A  4  inch  layer  of  concrete  was  used  in  order  to  provide  a  minimum 
reduction  factor  of  0,015  on  the  second  deck  of  the  ship  shelter. 

Coupled  with  a  SO^o  efficient  washdown  system,  the  overall  reduction 
factor  on  the  second  deck  wovild  be  0,0015,  It  is  conceivable  that  the 
need  for  the  concrete  deck  could  be  eliminated  by  crowding  everyone  onto 
the  lower  decks  while  the  radiation  was  most  intense,  but  since  the 
cost  of  the  concrete  deck  is  only  6%  of  the  entire  conversion  cost 
(App,  E),  this  expedient  does  not  seem  warranted. 
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Fig.  10  Accommodation  Plan  of  the  Second  Deck  of  a  Lib 
Converted  for  Shelter  Use 
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10  Accommodation  Plan  of  the  Second  Deck  of  a  Liberty  Ship 
iverted  for  Shelter  Use 


NOTE  5: 

I.  NUM8ER5  m  parentheses  INDICATE  eSTlMATEO  NUMBER  OF  OCCUPANTS 
PER  UV/NS  UNIT. 


2.  ALL  NEW  DECKS  ABOVE  THE  WATERLINE  ARE  Va-INCH  STEEL  PLATE;  BELOW 
THE  WATERLINE,  Va-INCH  STEEL  PLATE. 


Fig.  11  Inboard  Profile  of  a  Converted  Liberty  Ship  Sh 
Radiation  Reduction  Factors  at  Various  Points 

(Reduction  factors  were  obtained  by  the  method  describe 
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;nboard  Profile  of  a  Converted  Liberty  Ship  Showing  Deposit 
Reduction  Factors  at  Various  Points 

1  factors  were  obtained  by  the  method  described  in  App.  B) 


vessel  wovild  be  entirely  self-contained  and  could  house  its  occupants 
for  2  wk  or  more.  Power  for  the  washdown  system  (which  can  be  run 
intermittently  after  fallout  ceases  to  reduce  the  heat  load  from  the 
occupants),  the  lighting  and  ventilation  systems,  and  the  sanitation 
and  firefighting  systems  (which  use  sea  water)  is  provided  by  two 
100-kw  diesel  generators.  Fuel  and  water  supplies,  far  in  excess  of 
anticipated  needs,  can  be  readily  stored  on  the  vessel.  The  design 
ventilation  rate  is  10  cfm  per  person  which  would  be  cut  to  4  cfm  per 
person  while  the  washdown  system  was  operating.  No  analysis  was  made 
of  the  total  heat  load,  but  it  is  probable  that  in  warmer  climates 
additional  ventilation  or  air  conditioning  would  he  required.  No 
provisions  have  been  made  for  cooking  in  this  shelter;  the  use  of  dry 
rations  has  been  assumed.  Areas  have  been  set  aside  for  a  hospital, 
a  headquarters,  and  segregation.  The  sleeping  spaces  in  the  ship  are 
subdivided  into  units,  each  axjcommodating  up  to  350  persons  (700 
persons  with  hot  b\mking).  No  attempts  have  been  made  to  promote  the 
inter-accessibility  of  various  parts  of  the  ship;  rather,  it  is 
visualized  that  persons  would  generally  remain  in  the  section  to 
which  they  were  originally  assigned.  However,  as  the  radiation  hazard 
abated,  evacuees  could  move  into  the  deck  house,  and  perhaps  even  onto 
the  main  deck,  thus  alleviating  overcrowding  below  decks. 

The  conversion  of  the  Liberty  ship  involves  removal  of  the  masts, 
king-posts,  and  other  unnecessary  protuberances  from  the  main  deck, 
but  does  not  involve  the  deck  house  where  the  living  quarters  are 
normally  located.  It  is  contemplated  that  this  area  would  be  made 
available  to  the  community  in  which  the  ship  shelter  is  to  be  located, 

A  fairly  minor  expenditure  of  funds  coxuld  convert  the  existing  facili¬ 
ties  Into  civil  defense  offices,  police  headquarters,  etc,  or,  at  some¬ 
what  more  expense,  into  a  community  recreation  center,  A  Bwliiinii.ng  pool, 
tennis  covirts,  etc,,  could  be  placed  on  the  main  deck  without  subvert¬ 
ing  the  use  of  the  space  below  while  adding  to  the  usefxjlness  and 
acceptability  of  the  ship  to  the  community.  Such  dual  service  would 
also  provide  security  for  the  ship,  which  is  a  most  necessary  item. 

The  interior  of  the  ship  (the  shelter  spaces),  wo'ald  normally 
be  closed  to  the  public  but  maintained  in  a  state  of  readiness.  This 
condition  covild  be  most  easily  maintained  by  dehumidiiying  the  shelter 
space  so  that  corrosion  would  be  practically  eliminated.  Routine 
maintenance,  which  could  be  done  by  city  personnel,  would  involve 
periodic  checks  on  the  condition  of  the  food  and  water  supplies  (the 
latter  might  have  to  be  changed  every  3  to  6  months),  the  operation 
of  the  dehumldifying  system  and  the  functioning  of  the  two  diesel 
generators.  Automatic  sensing  devices  would  be  employed  for  fire  and 
leak  detection.  The  built-in  fire  protection  system  should  be  capable 
of  handling  any  fires  that  might  occur  although  such  fires  are  rare 
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occiurrences  in  dead,  ships. 

A  converted  Liberty  ship  could  be  used  in  a  number  of  different 
situations  and  locations,  particularly  since  its  draft  (empty) 
would  allow  it  access  to  most  of  the  larger  cities  of  the  U.S. 

(Fig.  4).  However,  since  it  woxild  have  to  be  moved  by  tug,  the  distance 
it  would  be  desirable  to  move  it  would  be  limited. 

This  complete  dependence  of  a  ship  shelter  on  outside  motive 
power  strongly  suggests  that  postattack  plans  envisage  the  loaded  ship 
remaining  in  situ  despite  the  fact  that  better  shielding  covild  be 
obtained  by  movement  to  midchannel.  (Even  under  good  conditions,  it 
would  take  several  tugs  several  hours  to  move  a  moored  or  beached  dead 
ship  into  a  new  position.)  Nor  is  it  practical  to  speak  in  terms  of 
permanently  mooring  a  ship  in  raidchannel  because  then  the  personnel 
loading  problem  would  be  insurmountable.  Further,  the  possible  use  of 
the  main  deck  and  superstructure  of  the  ship  to  the  comniunity  is  lost 
unless  the  ship  is  permanently  moored  or  beached  for  ready  access. 

Since  a  beached  ship  would  not  provide  so  much  shielding  protection 
as  a  ship  moored  in  midchannel,  the  shielding  must  be  Increased;  hence 
the  suggested  4-in  concrete  deck  cover. 

Several  placement  methods  appear  possible,  the  choice  depending 
primarily  on  the  location  selected.  The  simplest  placement  would  be 
at  an  existing  pier  which  wotild  most  probably  be  near  an  area  of  high 
population  density  (business  or  residential,  or  both).  Unfortunately, 
however,  .suitable  piers  (of  fireproof  concrete  construction)  are  at  a 
premium,  and  rent  for  tens  or  hundreds  of  thousands  of  dollars  a  year. 
Nevertheless,  in  some  locations  and  especially  where  civic  interest 
is  aroused,  the  use  of  a  pier  might  be  possible.  The  advantages,  in 
addition  to  accessibility  and  loading  ease,  are;  ready  sources  of 
water  and  electricity.  Immediate  availability,  and  the  ultimate  release 
of  the  pier  for  cargo  handling.  Figure  12-a  and  drawing  No.  1,  Appendix 
P,  illustrate  a  ship  shelter  at  a  pier. 

The  emplacement  method  which  would  be  applicable  in  most  locations 
is  beaching  one  or  more  ship  shelters  (as  shown  in  Fig.  12-b)  near  a 
population  center.  The  manner  in  which  a  ship  shelter  is  beached 
woxild  depend  on  the  selected  site;  the  simplest  case  is  one  in  which 
the  converted  Liberty  is  pushed  by  tugs  onto  a  sandy  shore,  there  to 
rise  and  fall  with  the  tide.  In  the  more  complicated  case  illustrated 
in  Drawing  No,  2,  Appendix  F,  a  slipway  would  be  dredged  permitting 
the  ship  shelter  to  be  beached  with  its  bow  about  100  ft  inshore  of 
the  high  water  mark.  Once  the  ship  was  in  location,  backfill  would 
be  placed  against  the  bow  to  promote  stabilization  against  abnormal 
tidal  action  and/or  blast  effects. 
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Fig.  12  Potential  Ship  Emplacement  Conditions 


A  paved  access  road  and  a  parking  area,  which  would  serve  for 
both  civic  activities  and  a  disaster  event,  would  be  constructed. 
Electrical  power  would  be  brou^t  In  either  from  existing  utility  lines 
or  provided  by  an  adjacent  generator  set.  Fresh  water  would  preferably- 
come  from  a  drilled  well,  which  could  also  serve  as  an  auxiliary  supply 
to  the  ship  during  an  emergency.  Three  or  more  ships  could  be  beached 
adjacent  to  each  other  and  interconnected  to  form  a  shelter  cojtiplex, 
permitting  the  Interchange  of  utilities.  Drawing  No,  3  of  Appendix  F 
shows  such  an  arrangement  for  three  ships. 

In  some  locations,  a  ship  shelter  might  be  landlocked  by  first 
floating  the  ship  into  a  dredged  slip  longer  than  the  length  of  the 
ship  and  then  backfilling  on  all  sides.  Such  an  arrangement  might  be 
used  -where  harbor  space  is  at  a  premium  or  where  beaching  is  not 
feasible  because  of  soil  considerations.  However,  the  higher  cost  of 
such  an  operation  overbalances  the  advantages  of  this  usage.  Drawing 
No.  k,  Appendix  F,  shows  a  landlocked  ship. 

It  is  noteworthy  that  two  battleships  have  been  successfully  land¬ 
locked  in  recent  years,  and  serve  as  state  monuments;  these  have 
attracted  much  public  attention.  The  Battleship  TEXAS,  emplaced  almost 
15  yr  ago  adjacent  to  the  Houston  Ship  Channel,  has  survived  the  full 
force  of  several  hiirricanes.  The  most  recent,  Carla,  in  September  of 
1961,  brovi^t  tides  of  an  estimated  15  feet  that  lifted  the  TEXAS  5  or 
6  ft  out  of  her  bed  but  redeposited  her,  undamaged,  as  the  wind  and  tides 
subsided.  The  NORTH  CAROLINA,  landlocked  across  from  Wilmington,  N.C,, 
adjacent  to  the  Cape  Fear  River,  was  emplaced  in  I961  in  what  was  then 
a  swamp.  The  ship  has  since  become  a  major  tourist  attraction  and  a 
large  parking  lot  has  been  constructed  next  to  it.  No  difficulty  has 
been  experienced  with  respect  to  the  stability  of  the  ship,  but  the 
parking  lot  has  a  tendency  to  revert  to  s-wainp. 

A  final  case,  shown  in  Fig,  12-d  is  a  battleship  which  has  been 
completely  buried  underground  to  provide  a  civil  defense  headquarters. 

A  battleship  was  chosen  for  this  usage  because  (l)  a  few  obsolete 
battleship  are  now  available;  (2)  a  battleship  inherently  has  the 
structural  strength  to  withs-band  the  welgl-it  of  the  overbuirden;  and 
(3)  the  design  of  a  battleship  is  adaptable  to  headquarters- shelter 
use.  The  design  criteria  for  such  an  installation,  shown  in  detail 
in  Drawing  No,  6,  Appendix  F,  are  the  ability  to  withstand  35-psi 
overpresstire  and  to  afford  a  shielding  factor  of  0,001,  Prior  to 
emplacement,  the  entire  superstructure  of  the  battleship  is  removed, 
all  top  openings  are  sealed,  and  internal  strengthening  members  are 
added.  The  hull  is  then  floated  into  a  dredged  slipway,  in  a  manner 
similar  to  that  described  for  the  landlocked  ship.  The  slipway  is 
sealed  off  and  a  sand  slurry  is  punped  ajround  and  under  the  ship  to 
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form  a  sand  foundation.  (Because  of  hydrostatic  pressure  the  ship 
cannot  he  placed  too  low  in  its  final  resting  place.)  Finally,  the 
excess  material  from  the  dredging  operation  is  mounded  over  the  ship 
to  hury  it  to  a  minimum  depth  of  5  Ft;  access  tunnels  from  the  surface 
lead,  to  the  now  hurled  structure.  The  cost  of  such  an  emplacement  at 
Norfolk,  Va.  is  estimated  to  he  $525^000,  almost  seven  times  as 
expensive  as  teaching  one  Liberty  ship- shelter.  To  this  figtire  must 

he  added  the  costs  of  conversions  within  the  battleship.  It  is 
estimated  that  this  conversion  cost  would  he  one-third  to  one-hal.f 
that  of  the  conversion  of  the  Liberty  ship.  Thus,  for  approximately 
$1,CXX),000,  a  ccmmiunity  coxold  obtain  an  excellent  blast  shelter 
capable  of  housing  vital  functions  as  well  as  many  evacuees,  (5,000  to 
10,000  as  a  rough  approximation).  Other  classes  of  ships,  such  as 
cmisers  and  aircraft  carriers,  which  might  become  siurplus  in  the 
foreseeable  future,  covild  also  he  similarly  emplaced. 

The  comparative  costs  of  ship  shelters  in  various  emplacements  are 
listed  in  Table  13 .  The  cost  of  the  Liberty  ship  conversion  is  so  high 
that  differences  in  the  costs  of  emplacement  methods  are  relatively 
Insignificant.  The  average  cost  per  occupeint,  \dien  the  ship  shelter  is 
at  maximum  occupancy  of  10,000  persons,  is  about  $92  for  any  coastwise 
location  in  the  country.  A  buried  battleship  used  only  to  house 
personnel  wovild  compare  favorably  in  cost  at  approximately  $100  per 
person  but  would  provide  considerably  more  protection  against  both 
blast  and  radiation.* 

In  summary,  converted  Liberty  ships  appear  to  have  considerable 
me-it  as  ship  shelters,  especially  in  those  areas  where  existing  she.lters 
are  inadequate  and  local  construction  conditions,  such  as  high  ireiter 
tables,  preclude  use  of  undergroxaid  shelters.  Another  probable  benefit 
of  ship  shelters  is  the  unlikelihood  of  involvement  in  a  firestonn. 

Ship  shelters  would  alwaj's  be  bounded  by  water  on  one  side,  and  in 
most  emplacement  conditions,  they  would  be  located  at  the  fringe  of 
any  built-up  areas.  Hence,  the  lack  of  combustible  materials  in  the 
vicinity  of  the  ship  would  mitigate  against  a  firestorm. 

Civil  Defense  Headquarters.  A  Liberty  ship  could  probably  be 
converted  to  serve  as  either  a  civil  defense  headquarters  or  a  civil 
defense  hospital  at  little  or  no  additional  cost.  However,  the  former 


*  According  to  Ref.  11,  an  NRDL-type  underground  shelter  would  cost 
from  $l42/person  for  the  most-austere  10-psi  shelter  to  $198/person 
for  the  least-austere  35-Psi  shelter,  based  on  100  man  occupancy. 
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Table  13 


not  include  yearly  pier  rental 


usage  would  seem  to  merit  a  truly  blast-resistant  shelter,  such  as 
a  buried  battleship.  Although  the  Public  Health  Service  does  not 
countenance  use  of  ships  as  hospitals,  certain  modifications  (at 
admittedly  high  costs)  might  make  such  usage  more  attractive.  We  can 
only  recognize  that  such  utilization  is  possible. 

Ploatiiig  Storage.  Approximately  100  Liberty  ships  at  three  NDHF 
locations  (Astoria^  Hudson  River,  and  James  River)  are  now  used  for 
the  storage  of  grain.  In  this  program,  reactivated  in  1953 >  the  deep 
holds  of  a  sound  Liberty  ship  are  partially  filled  with  wheat  (approxi¬ 
mately  7000  tons  or  233,000  bushels)  and  then  the  ship  is  moored, 
in  the  NDRF,  with  other  grain-filled  ships.  Department  of  Agriculture 
personnel  monitoi  the  wheat  continually,  checking  for  insect  infestation, 
water  leakage,  mildew,  etc.,  and  periodically,  in  the  eastern  fleets, 
the  wheat  is  turned  to  promote  aeration.  The  keeping  quality  of  the 
grain  is  apparently  excellent,  some  ships  having  been  loaded  with 
the  same  cargo  for  six  or  more  years  with  the  wheat  showing  little  or 
no  deterioration  according  to  protein  and  moisture  content.  If,  on 
occasion,  trouble  is  spotted,  it  is  necessary  move  the  ship  to  a 
grain  elevator,  which  may  be  many  miles  away,  and  unload  the  entire 
hold,  salvaging  as  much  grain  as  possible.  Since  loading  and  unloading 
costs  are  an  expensive  part  of  this  program,  as  can  be  seen  from  Table 
14,  it  is  desirable  to  load  and  vinload  ships  infrequently. 

Table  l4 


Costs  for  Storage  of  Wheat  on  Surplus  Liberty  Ships* 


East  Coast 
Fleet 

West  Coast 
Fleet 

Loading  costs,  j^/bushel  per 
year 

5.57 

7.22 

Unloading  costs,  j^/bushel 
per  year 

7.60 

10.34 

Storage  costs,  ^(/bushel 
per  year 

4.48 

5.20 

*Average  for  1953-60  from  Ref.  2. 
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Just  vlthin  recent  months,  the  Department  of  Agriculture  has 
made  the  decision,  quite  imexpectedly,  to  phase  out  grain  storage  on 
ships  in  the  two  east  coast  fleets.  This  reversal  of  policy  has 
resulted  from  the  discovery  of  subtle  downgrading  in  the  stored  wheat, 
which  has  resulted  in  sales  at  10^  or  more  below  the  market  price. 

This  downgrading  does  not  involve  the  nutritional  value  of  the  wheat, 
but  it  does  affect  the  baking  qualities  for  breadmaking.  A  re-evalua¬ 
tion  of  this  program,  in  terms  of  civil  defense  requirements  is  in 
order,  since  these  grain  reserves  on  ships  have  long  been  thought  of 
as  mobile  granaries  for  siny  possible  disaster.  It  is  conceivable 
that  this  program  might  be  continued  under  OCD  aegis  in  order  to 
malntELin  this  Important  reserve.  It  should  be  vinderstood  that,  even 
though  the  grain  so  stored  Is  not  suitable  for  first  quality  bread 
products,  it  is  entirely  adequate,  nutritionally  speaking,  for  feeding 
svirvivors  after  a  nuclear  attack.  Further,  a  market  for  this  down¬ 
graded  wheat  will  continue  to  exist  in  those  nations  that  use  wheat  in 
a  less  refined  manner  than  ours.  However,  the  question  should  be 
asked;  Is  wheat  the  best  grain  to  store  for  possible  disaster  use? 

Recent  studies  of  the  U.S.  Department  of  Agriculture's  Western 
Regional  Research  Laboratory  (WRRL)  suggest  that  hulgur,  a  deglutlnlzed 
form  of  wheat  which  stores  very  well  and  requires  little  or  no  cooking 
prior  to  consunrptlon,  may  be  a  more  ideal  food. 12  Bulgur  costs  almost 
a  cent  a  pound  to  prepare  from  wheat.  Although  it  has  a  longer  storage 
life  than  wheat,  unlike  wheat,  it  has  practically  no  resale  value. 

Thus,  asstaning  bulgur  was  stored  for  10  years  and  sold  for  an  80^  loss 
whereas  wheat  was  rotated  every  5  years  and  sold  at  a  10^  loss,  the 
comparative  yearly  costs  of  storing  these  two  commodities  would  be: 

Wheat 

Net  cost  of  wheat  $0»40/bu8hel 

Storage  costs  for  10  yr  0.448 

Loading  and  unloading  (twice)  0.263 

Total  $l»ll/buBhel 

or  11,1  cents  per  bushel  per  year 

Bulgur  Total  cost  of  bulgxir  $2,10/bushel 

Storage  costs  for  10  yr  0,448 

Loading  and  unloading  (once)  0.I3I 

Total  $2, 68/bushel 

or  26.8  cents  per  bushel  per  yr 

These  approximate  figures  indicate  that  the  storage  of  bulgur 


would  "be  considerably  more  expensive  for  civil  defense  use.  However, 
as  previously  noted,  bulgur  is  an  available  food  and  needs  no  cooking— 
hence  no  fuel—  probably  an  important  consideration  in  any  postattack 
situation.  If  the  additional  cost  can  be  tolerated,  this  concept  can 
be  carried  further  and  consideration  could  be  given  to  the  bulk  storage 
on  ships  of  a  pelletized  survival  ration  of  the  type  developed  by  WRRL. 
Further  research  would  be  necessary  regarding  the  stability  of  this 
ration,  its  adaptability  to  bu^  storage,  and  its  cost  (estimated  to 
be  10  cents  a  pound  in  bvilk),^ 

If  a  food- storage  program  were  undertaken  by  OCD,  the  question  of 
the  optimum  distribution  of  such  food  stores  would  arise.  Keeping 
grain  ships  in  their  present  locations  in  the  NDRP  has  definite 
advantages.  Including  centralization  of  inspection  effort  and  lowered 
ship  maintenance  costs.  However,  even  if  the  full  storage  capacity 
of  the  three  established  grain  fleets  was  fully  utilized,  distribution 
in  a  postattack  sitviation  cotild  present  an  overwhelming  problem.  For 
example,  a  studyl3  has  shown  that,  under  certain  attack  patterns,  San 
Francisco  wovad  be  completely  cut  off  from  rail  transportation  for 
some  time,  d\iring  which  period  food  stocks  could  beccme  dangerously 
low.  Movement  of  a  grain-laden  Liberty  ship  from  the  Astoria  NDRP  to 
San  Francisco  to  alleviate  such  a  shortage  would  require  k  to  6  days 
if  a  seargoing  tug  were  available.  However,  many  major  metropolitan 
areas,  including  San  Francisco,  are  within  150  miles  of  established 
reserve  fleets  and  it  wo\ild  seem  plausible  to  use  such  fleets  as  bases 
for  food- storage  centers  ^dienever  possible.  For  example,  the  present 
facilities  at  the  Naval  Reserve  Fleet  at  San  Diego  could  accommodate 
sufficient  grain  ships  to  provide  an  emergency  food  reserve  for  both 
the  Los  Angeles  and  San  Diego  metropolitan  areas.  Distribution  could 
probably  best  be  accomplished  by  off-loading  the  grain*  onto  barges 
and  lighters,  which  could  then  supply  numerous  coastal.points.  There 
are  certain  waterside  metropolitan  locations,  however,  that  are 
isolated  from  established  facilities.  Such  waterside  areas  could  also 
utilize  Liberty  ship  storage,  although  at  additional  effort  and  expense^ 
by  the  establishment  of  small  fleets  at  scattered  locations.  Figure 
12-c  illustrates  how  a  nest  of  six  ships  moored  together  in  midchannel 
for  stability  and  safety,  might  appear.  In  this  arrangement  a  security 
watch  would  be  maintained  at  all  times  on  the  ships,  and  ship-maintenance 
and  grain-inspection  personnel  wouJ.d  commute  to  the  site  as  required. 

Two  significant  costs  enter  into  expanding  the  grain- storage 


♦Small  vacuum-type  grain  xinloaders  operated  by  diesel  engines  are 
ccmmercially  available  and  would  be  well  suited  for  this  task. 
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progreuu  to  meet  civil  defense  needs:  site  construction  and  maintenance. 
The  28- Tt  draft  of  a  loaded  grain  ship  would  require  additional 
dredging  at  most  fleets  operated  by  the  Maritime  Administration,  The 
estimated  cost  for  such  dredging  for  a  six-ship  emplacement  is  $275,000 
(App.  F);  amort ize-.l  over  a  10-yr  period,  this  expenditure  would 
represent  1,97  /^/bushel  per  yr.  Additional  expenditures  would  be 
required  for  site  acquisition  if  established  facilities  were  not  used. 
Maintenance  costs  in  the  reserve  fleet  would  be  in  line  with  present 
costs j  in  smaller  nests,  the  costs  might  be  at  least  50^  higher.  Thus, 
the  cost  of  storing  wheat  under  a  civil  defense  sponsored  program 
would  range  from  the  present  H.l  ^/bushel  per  yr  up  to  at  least  l6 
^/bushel  per  yr.  In  contrast,  the  cost  of  storing  wheat  inland  under 
the  Uniform  Grain  Storage  Agreement  is  13.5  )i{/buBhel  per  yr;  over  a 
10  year  period  the  estimated  total  cost  would  be  lij-.3  jf^/bushel  per  yr. 

Ships  loaded  with  grain  have  a  potential  for  the  storage  of  other 
civil  defense  material  in  the  'tween  deck  space  of  approximately 
170,000  cu.  ft.  This  storage  space  might  be  better  utilized  if 
dehumidified  to  prevent  the  deterioration  of  stored  items.  Also,  if 
the  grain  holds  were  dehumidified,  it  could  conceivably  increase  the 
storage  life  of  the  grain  appreciably.  Liberty  ships  so  equipped  would 
then  truly  be  used  for  floating  storage. 

Storage  of  water  or  fuel  on  Liberty  ships  shows  no  merit,  and  can 
certainly  be  more  profitably  done  on  other  types  of  vessels. 

Floating  Utilities,  Liberty  sM-ps  offer  insignificant  electrical- 
generating  capacity  (60  kw,  dc)  and  little  water  distillation  capacity 
(9000  gal/day);  hence,  their  activation  for  such  use  is  not  recommended. 
However,  the  Liberty  hull  can  serve  as  the  vehicle  for  power-generation 
or  water-distillation  plants.  The  most  recent  such  conversion  involves 
a  Liberty  ship,  the  WALTER  F,  PERRY,  which,  under  a  recently  announced 
17,4  million  dollar  contract  betv/een  the  U.S,  Army  Corps  of  Engineers 
end  the  Martin  Company,  will  be  converted  into  a  floating  nuclear  power 
plant.  Briefly,  the  Liberty  hull  will  be  cut  in  two,  and  a  new  mid¬ 
section  containing  the  reactor  will  be  inserted,  A  great  deal  of 
versatility  is  designed  into  the  power  plant  so  that  it  can  produce 
11,274  kva  at  50  cycles  or  13^259  kva  at  60  cycles,  all  at  13,800  volts; 
this  voltage  can  then  be  transformed  upwards  to  match  the  shoreside 
voltage.  The  obvious  advantage  of  a  floating  nuclear  power  plant  is 
its  ability  to  generate  power  indefinitely  without  the  need  for  fuel 
supply  lines.  The  Strategic  Army  Command  currently  has  floating  power 
plants  in  operation  in  two  harbors,  one  at  Thule,  Greenland  and  the 
other  at  Okinawa.  Table  15  lists  comparative  costs  for  floating  power 
plants  and  conventional  shoreside  steairi  installations. 


Table  15 


Estimated  Costs  for  Floating  and  Conventional  Power  Plants 
and  Conventional  Shoreside  Steam  Installations®" 


ITEM 

FLOATING 

SHORESIDE 

Nuclear 

(Martin) 

Nuclear^ 

Conven¬ 

tional® 

Conven¬ 

tional® 

Conven¬ 

tional^ 

Conven¬ 

tional® 

Output,  KWe 

11, 500 

10,000 

3^,500 

10,000 

100,000 

Original  cost, 
millions  of  $ 

17. 

11.0 

8.1 

— 

— 

Cost,  $/installed 
KW 

1510 

1100 

470 

235 

210 

115-170 

Operating  cost, 
mil/KW 

— 

19.4 

l4.2 

1 

1 

1 

5. 1-5. 3 

1 

1 

1 

®Uone  of  these  cost  figures  are  corrected  for  inflationary  factors. 

^From  NYO-2945,  Study  of  Remote  Military  Power  A-ppli cations,  Report  No. 

9  -  Inchon  Korea,'  i960.  Prepared  by  Kaiser  Engineering'!  ' 

Q 

Specifications  for  Conve^^sion  of  a  Liberty  Ship  to  a  34,500  KW  Floating 
Power  Plant,'  15  be-  199^.  Philadelphia  District.  Corns  of  BneJn'eers.  ^ 

^.G.A.  Skrotzki  and  W.A.  Vopat,  Power  Station  Engineering  and  Economy. 
McGraw  Hill,  New  York.  Pages  6ob',  ff. ;  p.  666,  ^  ^ 


Two  Liberty  ships  and  two  T2  tanlters,  fitted  out  as  distilling 
vessels,  remain  in  the  NDRF.  The  evaporator  plants  on  each  of  these 
Liberty  ships  can  produce  63,(X)0  gal/dey  of  potable  water  which  can 
then  be  stored  in  the  2,500,0C)0-gallon  tank  capacity  of  the  vessel. 
Although  the  distillation  capacity  of  these  ships  is  significant,  it 
is  important  to  note  that  passenger  vessels  and  troop  transports  have 
appreciably  greater  water-producing  capacity  and  that  they  utilize  the 
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more  efficient  double-effect  evaporators. 

3o3.3  S4  Tyye 

The  S^-SE2-BD1  and  S4-SE2-BE1  class  ships  were  built  for  the  Navy 
in  World  War  II  as  shallow-draft  attack  transports  and  attack  cargo 
ships,  respectively.  Because  of  their  light  construction  they  proved 
\musable  for  peacetime  commercieQ.  service  and,  consequently,  were 
placed  in  the  NDRF  after  the  war.  The  S4’s  are  nonpriority  ships,  and 
the  40  in  the  NDRF  will  ultimately  be  sold  for  scrap.  Of  the  4o  S4*s, 

15  are  S4-SE2-BD1  troop  carriers  and  25  are  S4-SE2-BE1  cargo  carriers. 
Reactivation  would  be  a  difficult  problem  because  of  a  shortage  of 
spare  parts;  perhaps  cannibalization  of  one  or  more  ships  would  be 
necessary. 

Shelters  and  Civil  Defense  Headquarters.  An  S4  attack  transport 
designed  originally  to  carry  about  1100  troops  could  be  made  into  a 
habitable  shelter  merely  by  renovation  of  the  existing  facilities. 

At  some  additional  cost,  the  capacity  would  be  increased  30-50'^. 

However,  the  light  construction  of  this  ship  would  probably  require 
much  sudditional  shielding  and  internal  strengthening.  Further  analysis 
wotild  be  required  before  any  firm  recommendations  could  be  made  as 
to  the  advisability  of  using  S4  vessels  for  shelters  and/or  headquarters. 

Floating  Storage.  The  34  attack  cargo  ship,  in  attaining  its  goal 
of  a  shallow  draft,  sacrificed  its  carrying  capacity.  Consequently 
water  and  fuel  capacity  are  small  and  even  the  caxgo  space  is  limited. 

Use  for  storage  is  not  recommended. 

Floating  Utilities.  The  S4‘s  are  of  most  interest  for  floating 
utilities  because  of  their  propulsion  systems— twin  turboelectric 
generators.  Unfortunately,  these  generators  cannot  be  used  at 
maximum  power,  because  the  cycle  rate  is  too  high;  liowever,  they  can 
be  throttled  back  to  produce  36OO  kw  at  60  cycles.  Fuel  consumption 
would  then  be  about  375  Icwh  per  barrel  of  fuel,  or  9,700  gal  of  fuel 
per  24  hr.  The  ship  wovild  have  to  be  refueled  about  once  a  month  since 
it  has  a  fuel  storage  capacity  of  only  410,000  gal. 

Removing  a  ship  from  the  reserve  fleet  and  reactivating  the 
engineroom  components,  including  the  evaporators,  is  estimated  to  cost 
$325,000  and  to  require  25  days.  Allocating  this  entire  cost  to  the 
generating  capacity  of  360O  kw,  the  cost  per  installed  kw  is  found 
to  be  $90.  This  cost  compares  favorably  with  the  cost  of  building  new 
floating  power  plants  at  $235  to  $470  per  installed  kw  (Table  15), 
However,  because  of  the  age  of  this  equipment,  maintenance  costs  would 
be  expected  to  be  higher  and  equipment  reliability  poorer. 
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S4'g  have  an  appreciable  wator-diGtlllation  capacity  (20,000  gal/ 
day)  which  could  operate  siraultanooucly  with  the  power-generating 
system.  The  S4's  should  be  studied  in  more  detail  to  determine  the 
costs  involved  in  their  utilization  as  shelters,  headquarters,  and 
floating  power  stations.  Further,  the  study  should  ascertain  the 
relative  merit  of  reactivating  these  ships  prior  to  attack  vs  holding 
them  until  a  need  develops. 

3.3*^  General  Cargo  Ships 

Cargo  ships  in  the  NDRF  appear  to  have  only  one  role  they  might 
play  in  the  civil  defense  effort:  storage.  Cargo  ships  in  the  fleet 
have  no  "as  is"  shelter  potential,  and  they  cannot  be  considered  for 
"type  of  converted  use  because  they  have  an  assigned  priority. 

Such  utilities  as  a  cargo  ship  has  would  never  be  justification  for 
reactivating  it.  Priority  cargo  -•’hips  can  be  used  for  grain  storage 
as  some  Liberty  ships  are  used,  although  such  utilization  has  limita¬ 
tions.  Priority  cargo  ships  have  two  or  more  'tween  decks  that  decrease 
the  deep  hold  space  in  which  grain  is  stored.  Further,  these  ships 
have  an  assigned  mission  that  might  detract  from  such  a  secondary  use. 
Basically,  however,  priority  ships  can  be  used  for  the  storage  of  grain 
or  other  civil  defense  materiel,  but  probably  only  if  the  ships  remain 
in  their  present  locations  in  the  reserve  fleet. 

3.3*5  Passenger,  Troop  and  Hospital  Ships 

In  the  NDRF  there  are  7  hospital  ships,  about  10  troop  ships  which 
are  basically  passenger  vessels  and  about  25O  cargo-type  ships,  which 
have  been  modified,  to  varying  degrees,  to  carry  troops.  Although 
responsibility  for  reactivation  of  these  ships  is  divided  between  MARAD 
and  the  Navy,  all  could  be  expected  to  be  used  as  troop  transports  in 
the  event  of  war.  Of  all  the  vessels  in  the  NDRF,  ships  in  this  class 
would  come  the  closest  to  serving  as  "as  is"  shelters,  since  the  basic 
living  accommodations  are  present.  It  is  conceivable,  for  example, 
that  a  limited  number  of  evacuees  equipped  with  bedding,  food,  and 
water  could  reside  in  the  lower  compartments  of  a  passenger  vessel  until 
outside  radiation  levels  dropped  to  acceptable  levels.  With  some  pre¬ 
planning  and  at  considerable  expense,  these  ships  could  be  made  into 
quite  satisfactory  "as  is"  shelters  --  although  the  problem  of  getting 
people  to  the  ship  would  still  exist.  Miniinuun  modifications  that 
would  be  required  include;  activation  emd  regular  maintenance  of  emer¬ 
gency  generator  sets  on  all  ships  to  provide  a  modicum  of  light  within 
the  ship;  stockpiling  of  bedding ,food,  and  water;  installation  of 
additional  access  platforms  to  the  ships;  and  installation  of  self- 
powered  vrashdown  systems.  Further  study  would  be  requiicd  to  determine 
the  feasibility,  usefulness,  and  cost  of  any  such  program. 
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Since  all  ships  in  this  class  have  an  assigned  priority  and, 
presumably,  a  mission  in  the  event  of  a  national  emergency,  it  is 
difficult  to  assess  their  postattack  life-sustaining  role.  If  available 
and  if  I’eactivated,  many  of  these  vessels  could  be  used  for  headquarters, 
floating  hospitals,  emergency  hosuing,  power  generation,  etc.  A  better 
understanding  of  the  relative  importance  that  civil  defense  might  have 
in  a  postattack  situation  would  be  required  for  any  further  speculation. 

3.3.6  Tankers 


Tankers  in  the  reserve  fleet,  like  their  counterparts  in  active 
service,  have  no  potential  usefulness  as  shelters  or  headquarters. 
Inactive  tanlcers  could,  however,  malte  an  important  contribution  to  the 
nation's  fuel  reserve,  particularly  of  those  fuels  likely  to  be  in 
short  supply.  Currently,  NDRF  tankers  are  stored  empty.  Should  not 
this  capacity  in  the  77  tankers  in  the  NDRF  be  used  for  the  storage 
of  petroleum  products?  Several  arguments  against  such  use  include: 

1.  A  fire  hazard  would  be  created. 

2.  Additional  dredging  would  be  required  to  accommodate  the 
increased  draft  of  the  loaded  tankers, 

3.  The  tankers  might  be  targets  themselves. 

These  objections,  all  valid,  can  be  answered  as  follows: 

1.  The  fire  hazard  can  be  reduced  greatly  by  storing  liquids 
of  low  combustibility.  Significantly,  a  Stanford  Research  Institute 
study-l-O  found  that  distillate  stocks  (diesel  fuel,  primarily)  could  be 
the  petroleum  fraction  in  shortest  supply  after  attack.  These  heavier 
fractions  could  be  stored  indefinitely  on  tnnlcers  with  little  likeli¬ 
hood  of  fire. 

2.  Funds  would  have  to  be  made  available  for  dredging 
(estimated  at  feOjOCC/taiiker). 

3.  The  tankers  could  be  relocated,  perhaps  adjacent  to 

emergency  food  supply  centers  (cf.  which  are  out  of  target  areas. 

The  8,000,000  barrels  of  distillate  that  might  be  stored  in  NDRF 
tankers  would  represent  an  appreciable  addition  to  the  estimated 
95^500>000  barrels  that  would  survive  a  I965  military  and  population 
attack  (Ref.  l4,  Table  12).  Moreover,  diesel  fuel  is  such  a  vital 
factor  in  our  economy  and  would  continue  to  be  in  any  postattack 
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recovery  scheme,  that  this  potential  additional  storage  source  should 
not  he  overlooked. 

The  storage  of  water  on  dead  tankers  does  not  appear  promising 
because  (l)  all  tanks  would  have  to  be  cleaned  and  coated  at  consider¬ 
able  expense  prior  to  such  use,  and  (2)  the  water  in  the  tanks  would 
either  have  to  be  specially  purified  or  changed  every  few  months. 

Either  process  would  be  quite  expensive. 

The  47  T2  tankers  in  the  NDRF  could  be  used  for  generating 
electrical  power  for  shoreside  use.  Assuming  that  these  ships  would 
be  available  for  such  service,  activation  would  be  advisable,  since 
these  ships,  if  fueled,  could  serve  Indefinitely  as  floating  utilities, 
easing  the  strain  on  what  might  be  a  critical  link  in  the  recovery 
chain. 

3.3.7  Naval  Reserve  Fleets 

The  locations  of  the  Naval  Reserve  Fleets,  generally  naval  ship¬ 
yards  or  other  military  installations,  are  shown  on  Fig.  4.  These 
fleets  contain  the  combat  vessels  (battleships,  cruisers,  destroyers, 
etc.)  that  are  not  currently  needed  for  our  military  mission.  These 
so-called  "mothball"  fleets  are  characterized  by  webbing  and  plastic 
sprayed  on  exposed  elements  of  the  ship.  These  ships  have  cathodic 
protection  of  the  hullsj  corrosion  of  the  interiors  is  inhibited  by 
maintaining  low  relative  humidity  throughout  the  ship.  The  latter  is 
accomplished  by  dehumidification  (d-h)  machines  that  circulate  dry 
air  to  all  spaces.  This  regime  practically  eliminates  corrosion  and 
the  interior  of  a  d-h'd  ship  can  be  expected  to  be  spotless,  even  to 
the  mattresses  on  the  bunks.  Shore  electrical  power  is  available  on 
each  ship  for  lighting  and  for  the  d-h  machines,  but  the  sanitary, 
firefighting  and  ventilation  systems  are  not  operable.  It  would 
require  several  days  of  concerted  effort,  plus  the  availability  of  a 
water  supply  (the  sea  chest,  the  normal  source  of  water,  might  be 
blanked  off)  to  put  the  ship  in  shape  for  normal  habitation.  The  re¬ 
activation  of  the  engineroom  and  the  power  plant  would  be  considerably 
more  time  consuming.  It  is  probable  that  few  of  these  reserve  ships 
would  be  activated  in  the  days  immediately  following  an  attack.  How¬ 
ever,  most  or  all  of  the  ships  in  such  reserve  fleets  have  assigned 
priorities  and  will  probably  be  unavailable  for  long-range  civil 
defense  utilization. 

It  is  perhaps  presumptuous  to  discuss  the  use  of  fighting  ships 
for  civil  defense,  since  such  ships,  even  though  inactive,  have  well- 
defined  roles  to  play  in  wartime.  If  available,  however,  larger  chips. 
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such  as  a  cruiser,  could  (l)  make  excellent  civil  defense  headquarters, 
(2)  provide  appreciable  utility  service  to  a  shore  contact,  and  (3) 
provide,  in  their  present  condition,  a  vast  amount  of  dry  storage 
space  for  civil  defense  items.  In  one  area,  however,  it  appears  that 
Naval  Reserve  Fleets  could  be  most  useful  for  civil  defense  purposes 
without  disrupting  their  intended  mission:  "as  is"  shelters.  The 
rugged  construction,  ready  accessibility,  and  inherent  livability  make 
Naval  Reserve  Fleets  most  attractive  for  this  use.  It  is  somewhat 
surprising  that  the  Navy  has  not  utilized  this  potential,  but  at  bases 
visited  by  the  senior  author  this  use,  although  contemplated,  has  not 
been  implemented.  On  the  other  hand,  several  negative  elements  enter 
into  the  use  of  Naval  Reserve  Fleets  for  shelters*  shore  power  might 
fail,  and  plunge  the  ships  into  darkness,  sanitation  and  firefighting 
systems  are  inoperable,  and  ventilation  is  inadequate.  However, 
considering  the  thousands  of  excellent  shelter  spaces  that  each  reserve 
fleet  represents,  further  investigation  seems  merited. 

3.3«8  Miscellaneous 


Several  other  types  of  "vessels"  may  also  be  considered  for 
possible  civil  defense  use.  Surplus  submarine  hulls  (cf.  l.l)  could 
be  burled,  at  a  cost  of  about  $220  per  occupant,  to  provide  small 
but  rugged  blast  and  fallout  shelters.  Unfortunately,  the  number  of 
surplus  hivills  is  small,  probably  less  than  50>  so  that  the  total 
shelter  capacity  would  only  be  of  the  order  of  10,000  persons.  For 
this  reason,  as  well  as  the  high  cost,  this  program  is  not  recommended. 
However,  some  communities  might  find  it  expedient  to  use  a  buried 
submarine  for  the  local  civil  defense  headquarters, 

A  few  floating  metal  drydocks  are  still  available,  but  will 
probably  be  scrapped  in  the  near  future;  such  docks  might  conceivably 
be  used  in  a  variety  of  civil  defense  functions,  A  typical  dook^5  is 
410  ft  in  length  and  100  ft  in  width  cjid  can  lift  a  small  ship.  The 
inter:'. or  of  a  dry  dock  is  hollow  (to  give  the  necessary  buoyancy),  and 
a  portion  of  this  space  is  devoted  to  enginerooms,  machine  shops,  and 
crew's  quarters.  In  an  emergency,  these  spaces  could  undoubtedly  be 
used  to  house  personnel;  also,  some  of  the  ballast  spaces  could  be 
converted  to  housing  facilities.  A  dry  dock  has  elaborate  utilities-- 
electrical  generators,  pumps,  air  compressors,  and  steam,  that  might 
be  of  value  for  shore  use.  The  usefulness  of  floating  dry  docks  in 
the  civil  defense  effort  can  be  properly  evaluated  only  with  consider¬ 
able  additional  study. 
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A  third  possibility  is  the  "double  bottoms"  left  after  a  Liberty 
ship  has  been  partially  scrapped,*  The  Maritime  Administration  has 
suggested^  that  these  double  bottoms,  which  are  currently  being  cut 
up  and  disposed  of,  be  retained  in  the  NDRF  for  possible  future 
emergency  use  as  pontoons  or  finger  piers.  Double  bottoms  could  also 
be  used  to  store  a  small  amount  of  liquid  fuel,  but  because  they  offer 
no  overhead  cover,  would  be  unsuitable  for  dry-cargo  storage.  None 
of  the  purposes  envisioned  for  the  double  bottoms  is  particularly 
noteworthy,  and  when  compared  to  the  utility  of  a  whole  Liberty  ship 
(which  would  only  cost  $40,000  more),  it  can  only  be  concluded  that 
it  would  be  far  better  to  utilize  the  entire  Liberty  ship  than  to  try 
and  get  some  residual  value  from  the  double  bottoms. 


*  A  double  bottom  would  result  from  the  removal  of  all  of  the  structure 
above  the  Load  Water  Line  (Fig.  9)* 


SECTI®  4 


CIVIL  DEFENSE  UTILIZATI®  OF  SHIPS  MD  BOATS  -  BY  FUNCTI® 


4.1  GENERAL 

An  evaluation  cf  the  potential  use  of  ships  and  boats  in  the 
total  civil  defense  effort  is  discussed  in  this  section.  Although  this 
appraisal  is  preliminary,  such  an  overall  presentation  will  be  helpful 
in  elucidating  those  areas  of  endeavor  of  particular  interest  upon 
which  further  research  seems  merited. 

4.2  SHIPS  FOR  LIFESAVING 
4.2.1  Active  Ships 

Active  shipping  has  an  appreciable  potential  in  the  evacuation  of 
persons  from  target  areas,  this  mission  being  superimposed  on  the 
primary  goal  of  saving  the  ships  themselves.  Passenger  liners  could 
offer  some  degree  of  shielding  from  fallout  and  also  provide  housing, 
but  their  potential  is  minor  with  respect  to  total  shipping  activity. 

A  very  rough  approximation  of  the  nationwide  evacuation  potential  can 
be  obtained  from  Table  2.  Passenger  and  dry-cargo  ships  with  a  total 
capacity  of  1.027  x  10^  net  tons  (1  net  ton  «  100  cu  ft)  passed 
through  all  continental  U.S.  ports  in  the  year  i960.  This  figure 
includes  domestic  and  foreign  ships  and  does  not  indicate  the  amount 
of  cargo  loaded  or  unloaded,  only  the  capacity  of  the  ships  in  terms 
of  volume  space  available.  Assuming  for  simplicity  that  ship  movement 
is  constant  throughout  the  year  and  that  a  ship  stays  in  a  given  port 
for  an  average  of  2,5  days  (see  2.3)>  we  find; 


1.027  X  10^  net  tons/yr  x 


2.5  days  (stay  time) 
365  days/yr 


7*02  X  10°  net  tons  of  capacity  in  ports  of  the  U.S. 
on  the  average  at  any  given  time. 
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Assuming  that,  at  the  time  of  an  alert,  evacuees  would  hoard  eill 
ships  in  port,  and  using  a  capacity  of  1  person  per  net  ton  (of  100 
cu  ft),  we  find  that  000,000  persons  could  theoretically  evacuate 
to  the  safety  of  open  waters.  An  additional  2,000,000  might  he 
evacuated  on  inland  waterways  using  tugs,  non-self- propelled  dry-cargo 
vessels,  and  pleasure  cruise  ships.  The  estimated  5^0,000  larger  boats 
(cf.  3*2.5)>  carrying  an  average  of  six  passengers  each,  would  account 
for  another  3,500,000  evacuees.  The  approximately  4,500,000  small 
boats  (rowboat  to  15  ft  cabin-cruiser  class)  are  not  deemed  to  be  of 
sufficient  value  in  an  evacuation  scheme  to  be  considered  here.  The 
total  number  of  persons  who  might  be  evacuated  from  target  areas  over 
water  routes  is  then: 


Ocean-going  vessels 
Inland  vessels 
Boats 

Totsil 


7,000,000 

2,000,000 

3,500,000 

12,500,000 


Such  a  total  is  impressive  but  is  immediately  open  to  criticism, 
ranging  from  the  validity  of  the  evacuation  concept  to  the  number  of 
people  who  would  actually  be  able  to  use  this  escape  route.  Callahan 
et  al,^  estimated  a  total  ship  and  boat  shelter  space  capacity  of 
19,000,000,  which  agrees  reasonably  well  with  our  value,  especially 
since  we  discount  the  use  of  boats  under  l6  ft  for  evacuation  use  while 
they  did  not.  Callahan's  concept  of  using  ships  and  boats  as  "isolation" 
shelters  is  questioned,  since  it  was  shown  in  2.1,1  and  Appendix  A  that 
deposit  and  transit  doses  are  much  more  important  than  the  water  or 
land  doses  that  he  considered.  Time  has  not  permitted  a  detailed  study 
to  be  made  of  the  possible  availability  of  ships  and  boats  throu^out 
the  nation.  For  such  a  study,  information  on  population  distribution, 
available  shelter  distribution,  number  and  type  of  vessels  available 
in  a  port,  and  their  cyclic  pattern,  length  of  shipping  season,  probable 
evacuation  routes,  etc.,  would  have  to  be  obtained  and  analyzed.  Table 
4  gives  some  such  data  for  selected  port  cities,  but  does  not  attempt 
to  fu].ly  analyze  their  significance.  Future  work,  therefore,  might 
well  be  concentrated  on  a  detailed  analysis  of  several  of  those  ports 
that  show,  qualitatively,  a  potential  for  evacuation  by  ships  and 
boats,  A  rough  index  of  this  potential  con  be  obtained  as  follows: 


Maximum  population  -  Shelter  spaces  available 
Inbound  waterborne  commerce,  net  tons  "(excluding  tankers) 

Of  those  ports  listed  in  Table  4,  Brooklyn,  Seattle,  New  Orleans,  and 
Norfolk  might  merit  further  study,  based  on  this  index. 


In  summary,  we  find  that  as  many  as  12,000,000  persons  could  he 
evacuated  from  port  cities  via  water  routes  using  available  ships  and 
boats.  This  figure,  however,  is  not  directly  useful  because  of  the 
many  variables  involved,  and  we  have  recommended  that,  if  evacuation 
by  water  is  deemed  acceptable,  an  Intensive  study  of  selected  port 
cities  be  made. 

If. 2.2  Inactive  Ships 

The  8  National  Defense  Reserve  Fleets  include  a  total  of  260 
passenger-type  vessels  that,  with  considerable  modification  of  existing 
preservation  techniques,  could  be  made  available  as  "as  is"  shelter 
spaces  for  a  population  of  nearly  a  million  persons.  These  people 
would  almost  certainly  have  to  use  small  boats  to  reach  the  reserve 
fleets.  Naval  reserve  fleets,  which  can  be  reached  fron  nearby  popula¬ 
tion  centers  by  overland  routes,  could  house  perhaps  half  as  many 
persons  as  the  RDRF,  but  with  greater  comfort  and  protection. 

The  greatest  shelter  potential  exists  for  ship  shelters  made  by 
converting  surplus  Liberty  ships.  If  8CX)  of  the  Liberty  ships  in  the 
NDRF  were  converted  and  emplaced,  at  an  approximate  cost  of  $860,000 
per  ship,  firm  fallout  shelter  spaces  for  8,000,000  persons  would  be 
created.  These  spaces  could  be  distributed  in  those  locations  where 
conventional  shelters  are  in  shortest  supply  and  where  underground 
construction  costs  are  unusually  high.  The  few  remaining  battleships 
do  not  represent  many  shelter  spaces,  but  they  do  offer  a  unique 
opportunity  to  construct  massive  underground  headquarters  at  a  reason¬ 
able  cost. 

The  logical  sequence  in  further  evaluation  of  ship  shelters  would 
be  to  actually  undertake  such  a  conversion  in  order  to  evaluate  concepts 
and  determine  realistic  construction  costs.  Under  the  auspices  of  some 
organization,  such  as  the  National  Association  of  Civil  Defense  Direc¬ 
tors,  the  converted  ship  could  serve  os  a  model  shelter  and  a  training 
center.  Because  of  its  mobility,  the  ship  shelter  could  be  moved  about 
coastwise  and  inland. 

4.3  SHIPS  AS  STOREHOUSES 

4.3,1  Active  Ships 

In  calendar  year  i960  approximately  66,000,000  tons  (2000  Ibs.l 
of  edible  animal  and  vegetable  products  passed  through  U.S.  ports. 
Assuming  that  all  ships  that  are  headed  for  port,  in  port,  and  leaving 
port  safely  evade  any  nuclear  damage,  approximately  1,000,000  tons  of 


88 


edible  food  products  would  be  available  for  consumption.  In  actuality, 
the  amount  of  food  available  might  be  much  smaller  because  of  ship 
losses  or  return  of  foreign  ships  to  their  home  ports.  However,  these 
mobile  food  reserves  could  well  serve  a  lifesaving  role  in  destitute 
areas. 


Appreciable  stores  of  petroleum  products  could  likewise  be  salvaged 
from  tankers  eind  barges.  Of  the  J|40,000,000  tons  of  petroleum  products 
that  pass  through  U.S.  ports  each  year  (Table  10^,  a  1  week's  supply, 
equivalent  to  8,4-00,000  tons  (56,000,000  barrels)  mi^t  be  saved. 

4. 3.2  Inactive  Ships 

Inactive  ships  could  be  used  for  the  storage  of  grain  and  petroleum 
products  without  any  modification  of  the  vessels  involved,  hence  at 
minimum  cost.  Considering  first  the  storage  of  grain,  we  find  that 
sufficient  wheat  to  supply  most  of  the  diet  for  60,000,000  people  for 
6  months  could  be  stored  in  800  Liberty  ships.  Further,  these  Liberty 
ships  could  be  dispersed  among  the  established  reserve  fleets  or,  If 
required,  at  newly  prepared  sites  lA  order  to  serve  as  food  supply- 
centers  for  metropolitan  areas  located  on  waterways  (23  of  the  largest 
SMSA's  are  so  located — see  Table  3)«  The  cost  of  the  entire  program, 
at  an  estimated  16/i^/bushel  per  yr.  (3»3*2),  would  be  $30,000,000  per 
year.  This  figure  includes  cost  of  movement  and  emplacement  of  the 
ships,  their  maintenance,  the  cost  of  the  wheat  (which  must  be  rotated 
every  5  years),  loading,  unloading,  and  inspection  costs. 

Petroleum  products  could  be  stored  in  all  of  the  77  tankers  while 
at  their  present  locations  in  the  various  MARAD  fleets,  although 
dredging  to  accommodate  the  30- ft  draft  would  be  required  at  most  sites. 
However,  if  the  tankers  were  dispersed  in  conjunction  with  the  grain- 
laden  Liberty  ships,  either  in  the  established  MARAD  and  Naval  reserve 
fleets  or  in  specially  created  nests,  the  postattack  distribution 
prnbipni  vouid  be  considerably  lessened.  Further,  the  47-T2  tankers 
could  be  located  near  major  population  centers  where  their  power 
generating  capacity  might  be  most  useful  in  time  of  disaster.  The 
implementation  of  such  a  program,  including  the  filling  and  dispersal 
of  all  77  tankers,  might  cost  between  30  and  40  million  dollars;  of 
course  the  fuel  cost,  which  is  the  major  item,  is  ultimately  recoupable. 
The  8, 000, 000-barrel  fuel  reserve  so  created  could  be  on  appreciable 
addition  to  the  nation's  fuel  reserves  following  enemy  attack,  espe¬ 
cially  if  it  consisted  of  those  fuels  that  preplanning  indicated  might 
be  in  shoiiiest  supply. 
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k.k  SHIPS  AS  FLOATING  UTILITIES 

4.4.1  Active  Ships 

It  has  not  "been  possible  to  make  an  estimate  of  the  nationwide 
potential  of  ships  as  floating  utilities,  but  it  may  be  just  as  well 
since  the  more  important  consideration  is  not  "How  Much?"  but  "Where?". 
For  example,  10,000  kw  of  power  may  be  inconsequential  in  a  port  that 
has  suffered  little  or  no  damage,  whereas  the  same  amount  of  power  might 
be  all-important  in  a  badly  damaged  target  area  where  power  lines  are 
down.  Some  indication  of  the  relative  importance  of  using  ships  as 
floating  utilities  mlgjit  be  obtained  by  briefly  considering  the  Port 
of  New  York,  Assume  a  total  of  100  ships  in  the  port  of  which  4  are 
passenger  liners,  6  are  T2  tankers,  l4  are  larger  tankers,  l6  are 
modern  cargo  ships,  4o  are  Victory  or  Liberty  ships  of  various  flags, 
and  20  are  miscellaneous  types.  The  estimated  usable  power  that  these 
100  ships  might  deliver  to  shore  is  58,000  kw;  the  estimated  water- 
distillation  capacity  is  1,630,000  gal/ day.  Such  use,  of  course,  does 
not  take  into  account  the  normal  utilization  of  the  ship  or  the  effi¬ 
ciency  of  the  individual  vessel  as  a  utility  source. 

4.4.2  Inactive  Ships 

Only  two  types  of  inactive  ships,  the  T2  tankers  and  the  S4's, 
have  sufficient  utility  potential  to  consider  reactivating  them  for 
use  as  floating  utilities.  The  total  capacity  of  all  4?  T2's  plus  all 
40  S4's  is  425,000  kw  of  power  and  800,000  gal/ day  of  distilled  water. 
The  distilling  capacity  of  these  ships  is  appreciable  though  not  out¬ 
standing;  but  their  power  output  is  most  significant  (compare  with 
the  Port  of  New  York  above),  and  future  planning  for  civil  defense 
should  recognize  this  most  important  resource. 
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SECTION  5 


CONCLUSICMS 


Ships  and  "boats  offer  both  a  lifesaving  and  a  life-sustaining 
potential  to  large  numbers  of  people.  Much  of  this  potential  is  not 
being  considered  in  current  civil  defense  planning.  Specifically,  it 
is  concluded  (following  the  listing  of  Pig.  5)  that: 

1.  Merchant  ships  are  presently  limited  to  a  doctrine  of 
"ship  saving"  which  eliminates  any  civil  defense  use.  However,  if 
merchant  ships  were  available,  they  could  be  extensively  used  in  an 
alert  for  the  evacuation  of  personnel  from  possible  target  areas. 

2.  Larger  boats  could  be  used  for  the  evacuation  and  housing 
of  evacuees j  a  washdown  system  would  be  of  value  for  such  usage. 

3.  With  minor  expenditure,  Naval  Reserve  Fleet  ships  could 
be  made  into  excellent  shelters  at  their  respective  bases.  The  8 
Maritime  reserve  fleets  could,  at  best,  serve  only  as  mediocre  shelters 
and  then  only  with  considerable  expenditure  of  money. 

4.  Surplus  vessels  could  be  converted  into  excellent  ship 
shelters  or  headquarters.  The  cost  for  the  conversion  of  a  Liberty 
ship,  including  emplacement  into  a  ship  shelter,  is  approximately 
;^860,000.  The  converted  ship  would  provide  accommodations  for  up  to 
10,000  persons. 

5.  Civil  defense  headquarters  could  be  set  up  to  good 
advantage  in  an  active  passenger  or  cargo  ship  following  an  attack,  or 
in  a  converted  Liberty  ship  prior  to  an  attack.  The  best  civil  defense 
headquarters,  however,  would  be  a  b'uried  battelship  which  would  be 
highly  resistant  to  both  blast  and  radiation.  The  estimated  total 
cost:  $1,000,000. 

6.  Active  ships,  by  virtue  of  water  supplies  carried  for 
internal  consumption  and  cargos  ceurried  for  hire,  represent  a  reserve 
of  food,  water,  and  fuel  that  could  survive  nuclear  attack. 
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7.  Inactive  ships  from  the  Maritime  reserve  fleet  could  be 
utilized  very  effectively  to  create  emergency  food  and  fuel  centers 
near  population  centers.  Such  utilization  would  entail  moderate 
expenditure  of  funds,  but  would  not  destroy  the  usefulness  of  the  ships. 

8.  Active  ships  could  provide  shoreside  populations  with 
significant  quantities  of  potable  water  by  use  of  their  distillation 
equipment.  Storage  of  water  in  inactive  tankers  does  not  appear 
justified. 


9.  Most  active  ships  can  supply  only  limited  quantities  of 
60-cycle  power  to  shore  installations.  However,  some  passenger  liners 
and  all  T2  tankers  are  Individually  capable  of  powering  small  cities. 

10.  Those  T2  tankers  and  S4  vessels  currently  in  the  NDRF 
could,  if  activated,  provide  a  total  of  l)-25,000  kw  to  shoreside  instal¬ 
lations. 


11.  Many  of  the  programs  found  to  have  promise  for  the  civil 
defense  effort  are  based  on  the  availability  of  surplus  ships.  Hence, 
a  moratorium  should  be  placed  on  the  scrapping  of  nonpriority  ships, 
particularly  Liberty  ships  and  battleships,  until  a  decision  can  be 
made  on  their  value  in  the  civil  defense  effort. 

12.  In  many  areas,  further  study  is  required  before  final 
judgments  can  be  made. 

13.  In  all  areas,  it  was  found  that  many  government  agencies 
and,  often,  private  firms  are  involved;  utilization  of  ships  would 
require  working  agreements  between  OCD  and  the  interested  parties. 


SECTION  6 


FUTURE  RESEARCH  POSSIBILITIES  AND  RECOMMENDATIONS 


This  study  has  revealed  several  problem  areas  that  appear  to 
merit  further  investigation.  Listed  below  are  some  possibilities  that 
are  recommended  for  future  study. 

1.  Comprehensive  Study  of  a  Fort  City.  If  the  various  suggested 
uses  of  ships  and  boats  are  to  have  real  value,  they  must  be  applicable 
to  the  civil  defense  needs  of  ar  actual  situation.  An  evaluation  of 
such  needs  was  attempted  on  a  small  scale  for  Hew  York  and  San  Frein- 
cisco,  but  only  the  surface  could  be  touched  in  a  broad-scope  study, 
such  as  this  one.  A  future  study  in  depth  of  one  or  two  port  cities 
should  be  undertaken  in  which  as  many  as  possible  of  the  considerations 
discussed  in  this  report  should  be  investigated.  Such  a  study  should 
Include;  population  distribution  in  relation  to  accessibility  to  water¬ 
ways;  availability  of  ships  and  boats  for  evacuation  of  personnel, 
taking  into  account  cyclical  variations;  possible  sites  for  ship 
shelters;  utilization  of  reserve  fleets  as  shelters;  requirements  for 
emergency  storage  centers  (including  food,  fuel,  and  utilities)  and 
dispersal  points  for  such  centers  near  the  subject  city.  Port  cities 
that  appear  to  have  special  qualifications  for  a  study  of  the  magnitude 
Indicated  include  Brooklyn,  Hew  Orleans,  Norfolk,  and  Seattle. 

2.  Shielding  Provided  by  Ships  and  Boats.  The  shielding  studies 
done  for  a  Liberty  ship  and  the  SS  INDEPENDENCE  should  be  extended  to 
include  living  and  engineroom  spaces  on  modern  cargo  ships  and  tankers. 
These  results  are  needed  to  fully  evaluate  the  radiation  hazards  to 
the  crews  of  merchant  ships  caught  in  a  fallout  field.  The  shielding 
provided  by  small  boats  should  be  more  fully  analyzed  to  establish  the 
useful  limits  of  these  craft  in  a  fallout  situation. 

3.  Washdown  Systems  for  Ships  eind  Boats.  It  was  shown  that 
washdown  systems  could  be  profitably  used  on  passenger  ships  and  small 
boats.  In  order  to  ascertain  engineering  requirements  and  costs,  a 
feasibility  study  should  be  made  using  available  data. 
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4.  S4  utilization.  The  feasibility  and  economics  of  utilizing 
the  40  sui^lus  S4  vessels  in  a  dual  role  as  personnel  shelters  and 
power-generating  stations,  or  only  as  a  floating  utility,  should  be 
evaluated. 

5.  Reserve  Fleets  as  Shelters.  Naval  Reserve  Fleets,  which 
possess  excellent  features  for  shelter  use,  should  be  farther  evaluated 
as  to  the  economics  and  logistics  involved  in  such  use.  The  utiliza¬ 
tion  of  troop  and  hospital  ships  in  the  NDRF  as  in  situ  shelters  night 
be  of  limited  research  interest. 

6.  Blast  Effects  on  Ship  Shelters.  Although  the  effects  of  blast 
on  ships  moored  in  deeper  water  or  at  sea  are  known,  blast  effects  in 
the  situations  here  envisaged  (at  a  pier,  beached,  landlocked,  in  a 
reserve  fleet  configuration,  etc.)  need  investigation.  In  addition, 

the  possible  effects  of  a  weapon-created  tidal  wave  should  be  considered. 

7.  Conversion  of  a  Liberty  Ship  to  a  Ship  Shelter.  The  feasi¬ 
bility  of  converting  a  Liberty  ship  into  a  shelter  has  been  demonstrated. 
The  construction  of  such  a  ship  shelter  should  be  undertaken  to  fully 
evaluate  the  economic,  political,  engineering,  physiological,  and 
psychological  factors  involved.  An  additional  study  should  be  made  to 
determine  the  locations  throughout  the  nation  where  such  ship  shelters 
could  be  best  used. 

8.  A  Buried  Battleship  as  a  Blast-Resistant  Civil  Defense  Head¬ 
quarters  .  A  detailed  engineering  feasibility  study  of  the  conversion 
of  a  battleship  to  an  underground  headquarters  should  be  made, 

9.  Emergency  Storage  Centers.  The  use  of  NBRF  vessels  to  store 
food  and  fuel  supplies  near  population  centers  appears  very  attractive, 
but  further  studies  of  the  following  are  Indicated: 

(a)  Food.  Possible  foods  for  bulk  storage,  including  bulgur, 
or  one  of  its  derivatives,  should  be  considered  from  stability  and 
cost  aspects. 

(b)  Fuel.  The  problems  associated  with  the  storage  of  fuel 
should  be  further  evaluated  and  postattack  utilization  considered. 

(c)  Power  generation.  The  usefulness  of  the  turboelectric 
generator  vessels  (T2s  and  B4e)  for  providing  shoresiue  power  should 
be  fully  evaluated. 
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APPENDH  A 


RADIATIOT  DOSE  STUDIES 


For  a  land  surface  nuclear  burst,  the  free-fleld  fallout  radiation 
dose  at  a  point  offshore  can  come  from  4  sources,  3  of  which  are  in¬ 
terrelated,  The  transit  dose  is  that  received  from  the  radioactive 
cloud  as  it  passes  overhead;  this  dose  is  independent  of  the  surface 
over  which  the  cloud  travels.  As  the  radioactive  cloud  passes  it 
deposits  radioactive  particles.  If  these  particles  settle  on  the 
deck  of  a  ship  they  give  rise  to  the  deck-deposit  dose;  if  the  particles 
settle  on  an  adjacent  land  surface  they  give  rise  to  the  land-deposit 
dose.  Finally,  if  the  particles  settle  on  and  in  the  water  surrounding 
the  ship  they  produce  the  waterborne  dose.  This  waterborne  dose  can 
be  further  subdivided  into  a  water  settling  dose,  which  is  received 
during  the  time  that  the  peirticles  are  falling  from  the  surface  of  the 
water  to  the  bottom  and  a  water-solution  dose,  which  results  from 
dissolution  of  a  portion  of  the  radioactivity  as  the  particles  fall 
through  the  water  and  thereafter. 

In  order  to  determine  the  relative  importance  of  land  deposit, 
deck  deposit,  and  waterborne  dose,  contribution  factors,  which  are 
dependent  on  the  placement  of  the  ship  in  relation  to  the  land  water 
areas,  must  be  calculated.  In  this  report  we  have  used  Ref.  1,  which 
is  based  on  experimental  data  from  a  La-l40  radiation  field,  to  calcu¬ 
late  the  contribution  factors  for  land-,  deck-and  water-deposit 
radiation. 

Finally,  in  order  to  determine  the  dose  to  a  person  on  a  vessel, 
we  must  consider  the  structural  shielding  of  the  vessel  itself  as  well 
as  the  time  over  which  the  sources  contribute  to  the  total  dose. 

Transit  radiation  irradiates  the  ship  from  all  sides,  but  only  while 
the  cloud  is  passing  near  the  vessel.  Deck-deposit  radiation  pene¬ 
trates  from  the  horizontal  surfaces  of  the  ship  from  the  moment  of 
deposition  until  it  is  removed  —  either  by  washdown  or  decontamination. 
Land-deposit  radiation,  both  direct  and  Indirect,  penetrates  the  ship 
through  the  hull  and  the  deck  from  the  moment  of  deposition  until  the 
land  surface  is  decontaminated.  Waterborne  radiation  contributes 
primarily  through  the  submerged  hull,  the  water-settling  component 
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contributing  only  during  the  period  of  actual  fallout,  the  water-solu¬ 
tion  component  remaining  as  a  contributor  for  an  indefinite  time  or 
until  dispersed  by  tidal  action  and  dilution. 

Transit  dose  was  calculated  using  a  model  developed  at  NRDL.^ 
Deposit  dose  was  calculated  using  the  NRDL  D-Model, 3  and  was  then  split 
into  its  three  possible  components  —  deck  deposit,  land  deposit  or 
waterborne  —  by  inspection  of  the  geometry  of  the  situation.  The 
water  settling  and  water  solution  doses  were  calculated  using  the  data 
of  Ref.  It  was  assumed^  that  10^  of  the  radioactivity  of  the  falling 
particles  dissolved  as  they  fell  through  the  water,  creating  the  water- 
solution  dose.  The  time  to  fall  1  meter  in  quiescent  water,  was  taken 


Time,  hrs 


_ _ 

(particle  size,  microns 


which  time  defines  the  water  settling  dose.  It  was  found  that  a  depth 
of  9  ft  was  an  adequate  limit  to  which  to  carry  the  calculation  of 
both  water-settling  and  water  solution  doses. 

The  contributors  to  the  total  free-field  radiation  dose  received 
up  to  1  yr  after  burst  time  are  presented  in  Figs,  A. 1,2,  and  A. 2  as 
a  function  of  downwind  distance  along  the  hotline  for  total  yields  of 
1  MT,  5  20  MT,  respectively.  An  effective  wind  of  15  knots  is 

assumed  and  all  downwind  distances  are  measured  along  the  hotline.  An 
idealized  pattern  of  total-dose  contours  resulting  from  such  a  wind 
structure  would  be  similar  to  those  illustrated  in  The  Effects  of 
Nuclear  Weapons  (p.  ii45).'7  In  any  actual  case,  the  doses  received 
would  generally  be  less  than  those  indicated  in  Figs.  A.l,  2,  and  A. 2, 
since  any  actual  winds  encountered  would  be  less  uniform  and  more 
widely  dispersed  than  those  specified  here.  Actual  winds  would  tend 
to  distribute  the  radioactivity  over  a  greater  area  and  result  in 
radiation  intensities  less  than  those  predicted,  even  though  isolated 
"hot  spots"  might  be  encountered.  Actual  doses  received  would  be  less 
for  two  other  reasons.  First,  fission  yields  would  normally  range 
from  40fo  to  60^  (p.  23,  Ref.  7)  for  the  total  weapon  yields  used  here, 
and  doses  would  be  reduced  proportionately.  Second,  most  points  under 
consideration  would  probably  not  be  on  the  hotline,  and  doses  would 
also  be  reduced  accordingly. 

The  radiation  dose  to  occupants  of  any  type  vessel  can  be  calcur 
lated,  using  Figs.  A.l,  2,  and  A.2.  We  shall  consider  a  converted 
liberty  ship  as  an  example  (Fig.  A.3)>  using  the  data  for  a  5  MT 
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Fig.  A.l  Radiation  Dose  Studies  -  1  MT  Weapon  Yield 

Various  Components  of  the  Free  Field  Radiation  Dose  Received  up 
to  One  Year  After  Burst  vs  Downwind  Distance  Along  the  Hot  Line 
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Fig-  A- 2  Radiation  Dose  Studies  -  20  MT  Weapon  Yield 

Various  Components  of  the  Free  Field  Radiation  Dose  Received  up 
to  One  Year  After  Burst  vs  Downwind  Distance  Along  the  Hot  Line 


Fig-  A.3  Hot  Line  Radiation  Dose  from  Several  Sources  to  Occupants 
of  a  Beached  Converted  Liberty  Ship  Downwind  from  a  p-MT  Land-Surface 
Burst 
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weapon  (Fig.  2).  The  assumed  conditions  are  that  the  converted  Liberty 
is  beached  with  its  bcw  20  ft  onshore  (as  shown  in  Fig.  12b)  and  that 
the  ship  is  equipped  with  a  washdown  system  that  continuously  decon¬ 
taminates  the  top  surface  of  the  ship  as  well  as  a  100-ft-wide  staging 
area  shoreside  of  the  bow  of  the  ship.  With  this  configuration,  we 
find  that  the  contribution  factor  from  deposited  fallout  will  be,  for 
a  point  in  the  center  of  the  ship,  9^^  from  tiie  ship's  deck  and  6'^ 
from  the  shore.  The  radiation  from  the  k  sources  is  reduced  by  the 
shielding  of  the  ship  itself;  the  reduction  factors  range  from  0.005 
for  the  deck-deposit  dose,  which  must  penetrate  inches  of  concrete 
and  several  thicknesses  of  deck,  to  0.1  for  the  transit  and  waterborne 
doses,  which  penetrate  primarily  through  a  l-inch  hull  thickness. 
Finally,  the  washdown  system  provides  continuous  decontamination  of  the 
ship's  upper  surfaces,  reducing  the  deck  deposit  dose  by  another  90^. 
The  overall  reduction  factors  then  range  from  0.1  for  transit  radiation 
to  0.0005  deck-deposit  radiation.  Prom  Pig.  A. 3  it  is  apparent 
that,  the  land  deposit  dose  is  controlling  except  near  the  point  of 
burst.  However,  the  deck-deposit  dose  would  be  equally  hi^  if  (a) 
the  ship  had  no  washdown  system,  or  (b)  the  ship  did  not  have  a  4-inch 
layer  of  concrete  on  the  weather  deck.  Waterborne  radiation  is  negli¬ 
gible;  so  too  is  transit  radiation  except  at  close-in  distances. 

Figure  A. 3  suggests  that  a  converted  Liberty  would  adequately  safeguard 
its  occupants  against  fallout  radiation  as  close  as  6  miles  frcm  a  5 
MT  burst.  This  safe  distance  could  be  decreased  to  3  lalles  by  either 
adding  expedient  shielding  to  the  hull  of  the  ship  or  by  moving  the 
ship  into  midchannel  prior  to  arrival  of  fallout. 

Curves  similar  to  Fig.  A.  3  can  be  drawn  up  for  einy  weapon  yield 
and  for  any  particular  configuration  of  any  type  vessel.  If  the  vessel 
is  within  a  half-mile  of  land,  the  contribution  of  land-deposit  radia¬ 
tion  must  be  taken  into  account.  The  total  dose  to  occupants  from 
transit,  deck  deposit,  land-deposit,  and  waterborne  radiation  can  then 
be  determined. 

Figures  A. 4  and  A. 5  show,  for  3  types  of  vessels,  the  total  dose 
to  occupants  for  1-MT  and  20-MT  land-surface  bursts,  respectively. 

The  first  case,  a  fishing  boat  of  15-ft  beam,  is  located  in  the  middle 
of  a  l600-ft-wide  river  that  is  9”ft  deep.  The  boat  has  a  reduction 
factor  of  only  0.8  but  it  is  equipped  with  a  washdown  system  that 
removes  80^  of  deck-deposit  fallout.  The  second  case  is  the  SS  INDE¬ 
PENDENCE,  which  is  assumed  to  be  at  sea  when  fallout  arrives,  A 
reduction  factor  of  0.02  (from  Fig.  8)  is  supplemented  by  a  washdown 
system  with  an  effectiveness  of  80^  (higher  effectivenesses  are  not 
assumed,  because  of  the  relatively  high  holdup  of  particulate  matter 
that  might  be  expected  on  wooden  decks).  The  third  case,  already 
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Fig.  A-h  One  Year  Doses  to  Occupants  of  Various  Type  Vessels  Down 
wind  from  a  1-MT  Land-Surface  Burst 
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Fig.  A. 5  One  Year  Doses  to  Occupants  of  Various  Type  Vessels  Down¬ 
wind  from  a  20-Mr  Land-Surf pce  Burst 
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considered  in  detail  in  Fig.  A.3>  is  the  converted  Liberty  ship  heewhed 
on  a  shore. 

From  these  figures,  it  is  apparent  that  the  converted  liberty 
ship  beached  on  shore  and  tlie  SS  SIDEPENDENCE  at  sea  are  about  equiva¬ 
lent  in  protection  afforded  against  fallout  radioactivity.  The  fishing 
boat,  as  might  be  expected,  provides  only  limited  protection  against 
fallout.  However,  a  comparison  of  Figs.  A.l  and  A.4  does  show  the 
boat  to  have  a  definite  protective  value.  At  30  miles  downwind,  the 
free-field  dose  would  be  7500  r  whereas  occupants  of  the  fishing  boat 
would  receive  only  300  r. 
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APPENDIX  B 


GENERAL  DESCRIPTICN  OF  REDUCTION -PACTCR  CALCULATIONS 
FOR  FALLOUT  GAMMA  RADIATIONS 

By  Endel  Lauraets 


The  method  used  to  calciLLate  the  reduction  factors  against  fallout 
gamma  radiation  for  various  ship  locations  is  described  by  C.F.  Ksanda 
in  the  paper  "Ship  Shielding  Calculations i "1 

This  paper  states  the  following:  "The  general  problem  of  computing 
ship  shielding  factors  involves:  (l)  specification  of  the  radioactive 
source  characteristics,  particularly  geometric  configuration  and  radia¬ 
tion  energy  spectrum;  (2)  specification  of  the  major  ship  character¬ 
istics,  particularly  configuration  and  nature  of  materials;  (3)  develop¬ 
ment  of  methods  for  computing  the  interaction  of  the  radiation  with 
the  ship.  To  arrive  at  a  practicable  solution,  it  has  been  necessary 
to  idealize  and  generai.ize  into  static  situations  the  djmamic  source 
configurations  produced  by  a  variety  of  nuclear  detonations  and  to 
idealize  the  complex  structures  and  components  of  naval  ships,  as  well 
as  to  devise  sufficiently  simple  approximations  to  the  transmission  of 
gamma  rays  through  attenuating  media  —  which  may  consist  of  air  and 
water  as  well  as  the  material  of  the  ship." 

Ksanda  states  further:  "Basically,  the  approach  that  has  been 
followed  is  a  polnt-by-point  calculation.  The  radioactive  source 
region  is  considered  to  be  made  up  of  an  aggregate  of  point  isotropic 
sources.  The  dose  rate  from  each  source  is  calculated  at  a  given 
location  by  estimating  the  radiation  attenuation  along  the  entire  path 
length,  and  the  total  dose  is  found  by  summing  over  all  sources.  In 
practice,  the  summation  process  is  replaced  to  the  extent  possible  by 
integration.  The  calculations  are  made  for  rnonoenergetic  sources  of 
different  energies.  By  properly  weighting  and  adding  the  results  for 
different  energies,  an  estimate  may  be  made  for  the  spectrum  from  mixed 
fission  products  at  any  time  after  fission." 

Calculations  of  ship  shielding  effectiveness  against  transit, 
deck-deposit,  and  waterborne  radiations  for  any  interior  (below-deckc) 
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location  are  complicated  and  numerous,  and  when  done  manually,  are 
tedious,  time  consuming,  and  subject  to  human  error.  Past  and  current 
calculation  methods  have  proved  unsatisfactory  because  the  calculations 
have  necessarily  had  to  be  done  manually.  The  complications  of  ship 
shielding  calculations  arise  from  numerous  factors:  (l)  configuration 
of  the  radiation  source  (deck-deposit  plane  source,  transit  or  water¬ 
borne  volume  source )j  (2)  nonuniforra  distribution  of  activity  in  the 
source;  (3)  source-shield-receiver  geometry;  (^)  gamma-ray  energy 
spectrum  change  with  time  after  fission;  (5)  effect  on  the  gamma-ray 
energy  spectrum  of  various  kinds  of  attenuating  material;  and  (6) 
thicknesses  of  materials  providing  shielding  to  different  interior 
locations.  Further  complicating  the  calculations  ore  the  many  para¬ 
meters  and  their  relatively  wide  ranges  of  values  that  have  to  be 
considered. 

The  calculations  for  a  given  interior  location  have  to  take  into 
account  (a)  all  the  gamma  radiations  arriving  there  from  all  the  points 
of  a  plane  source,  a  volume  source,  or  both;  (b)  all  the  significant 
aspects  of  the  particular  source-shield- receiver  geometry;  (c)  all 
the  gamma-ray  energy  spectra  for  the  respective  times  of  interest  after 
fission;  and  (d)  all  the  significant  interactions  of  the  radiation  and 
the  intervening  air  shielding  materials  (air,  water,  steel,  etc.). 

A  method  of  calculating  shielding  factors  was  therefore  devised* 
with  its  procedural  steps  formulated  to  provide  a  computational  sequence 
for  a  high-speed  electronic  computer  program.  Then,  a  computer  program 
of  the  method  was  written.  This  program  evaluates  the  basic  equations 
derived  from  the  theoretical  equations  given  in  Ksanda’s  "Ship  Shielding 
Calculations"  paper.  This  program  can  calculate  shielding  factors  for 
any  interior  location  in  any  ship  type,  and  is  applicable  for  fallout 
gamma  radiations  from  airborne  transit-or  waterborne  sources,  and  from 
deck-deposit  sources;  for  an  assumed  uniform  distribution  of  activity 
in  the  source;  for  any  time  after  fission;  for  any  source-shield-re¬ 
ceiver  geometry;  and  for  any  number  of  partial  shields  (deck-plating 
sections,  bulkheads,  etc.)  contributing  to  the  total  shielding  provided 
the  location. 

The  program  is  not  specifically  applicable  to  the  waterborne  case 
because  of  the  uncertainty  about  the  subsurface  distribution  of  fallout 
activity  deposited  in  the  water;  and  the  settling  and  mixing  rates  for 


*  Laumets,  E.  ,A  ^tathod  of  Determining  Ship  Shielding  Factors  for 
Fallout  Gamma  Radiation,  ISNRDL-TR  in  preparation.  Unclassified. 
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the  various-sized  fallout  particles.  The  waterborne  case  is  expected 
to  be  of  relatively  minor  importance  because  of  the  rapid  reduction 
in  dose  rate  due  to  the  appreciable  attenuation  of  radiation  by  water. 
Also^  the  program  is  not  applicable  to  the  fallout  activity  deposited 
on  vertical  or  near-vertical  weather  surfaces,  or  to  base-surge  transit 
radiation,  or  to  the  initial  radiation  from  the  fireball  (radiation 
emitted  during  the  first  minute  after  the  burst). 

For  a  given  interior  location  and  for  a  given  time  after  fission, 
the  program  first  conputes  the  shielding  contribution  of  each  partial 
shield.  For  a  partial  shield,  the  program  first  obtains,  by  numerical 
integration,  a  shielding  factor  for  each  of  5  gamma-ray  energies  of 
the  pseudospectrum*  used  to  represent  the  "true"  spectrum  for  that  time 
after  fission.  Then,  the  5  shielding  factors  arc  multiplied  by  the 
corresponding  pseudospectrum  weighting  fractions  for  that  time,  and  the 
products  are  summed  to  get  the  total  shielding  factor  for  the  partial 
shield.  This  computation  is  repeated  for  each  other  partial  shield 
for  the  location,  and  all  the  partial-shield  shielding  factors  are 
summed  to  get  the  shielding  factor  for  the  location  for  the  given  time 
after  fission. 

For  radiation  reaching  the  interior  location  from  above,  only  the 
deck-plating  thicknesses  are  considered.  To  account  for  shielding 
material  other  than  deck  plating,  such  as  major  bulkheads,  beams,  pipes, 
equipment,  machinery,  and  supplies,  the  shielding  factors  is  computed 
for  double  deck-plating  thicknesses.  The  computed  shielding  factor 
should  be  close  to  the  expected  or  "true"  shielding  factor.  For  radia¬ 
tions  entering  through  the  sides  of  the  ship,  the  hull,  intervening 
major  longitudinal  and  transverse  bulkheads,  and  any  liquid  loading 
between  them  are  considered,  along  with  any  intervening  deck  plating. 

A  technique  was  developed  for  obtaining  the  necessary  dimensional 
values  of  a  given  source-shleld-recciver  geometry  and  for  combining 
the  thicknesses  of  the  various  shielding  materials.  This  technique  is 
explained  in  detail  in  Ksanda's  paper.  Shielding  factors  obtained 
with  computer  program  of  the  method  were  compared  with  experimental 
shielding  factors  and  agreed  by  a  factor  of  less  than  2.  Details 
are  given  in  Ref.  2. 


*  Laumets,  E.,  Gamma-Ray  Energy  Pseudospectrum  for  Fission 

Products  at  Various  Times  After  Fission,  USNRDL-TR  in  preparation 
(Uncl) . 
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APPENDIX  C 


aAN  FRANCISCO  POPUIATICK  DENSITY  AND  POPULATICN  MOBILITY  STUDY 


This  study  was  conducted  to  determine  (l)  San  Francisco’s  popula¬ 
tion  distribution  and  (2)  the  speed  and  ease  with  which  any  part  or  all 
of  this  population,  after  being  warned  of  an  impending  disaster,  might 
move  on  foot  to  ships  located  at  the  water's  edge.  These  ships  might 
either  be  landlocked  or  beached  vessels  located  on  the  western  and 
northern  perimeter  of  the  city  or  docked  vessels  located  along  the 
city's  eastern  shore. 

These  data  were  then  used  to  determine,  as  a  function  of  time, 
the  cumulative  percentage  of  the  total  city  population  able  to  reach 
each  given  dockside  loading  zone.  These  dockside  loading  zones 
(pig.  C.l),  six  In  number  and  designated  zone  A  through  zone  F,  should 
be  clearly  distinguished  from  the  nine  population  sire as  into  which  the 
city  has  been  divided.  The  population  areas  are  designated  area  1 
through  area  9*  Daytime  and  nighttime  populations  in  each  area  are 
listed  in  Table  C.l. 

Figures  C.2  and  C.3  show  the  relative  numbers  of  people  that  might 
be  expected  at  various  loading  zones  as  a  function  of  time  after  the 
sounding  of  a  warning  signal,  and  for  the  daytime  and  nighttime  ceises, 
respectively.  In  the  "daytime"  case  the  employed  population  is  assumed 
to  be  at  workj  the  "nighttime"  case  (identical  with  the  "weekend" 
situation)  assumes  the  population  to  be  at  home.  Such  information 
could  also  be  used  to  calculate  the  time  required  to  move  the  entire 
San  Francisco  population  to  ship  shelters  or  to  help  determine  the 
optimum  location  and  number  of  these  ship  shelters. 

Figures  C.2  and  C.3  corapeure  the  relative  percentage  of  the  popula¬ 
tion  that  could,  in  any  given  length  of  time,  be  brought  to  any  of  the 
six  loading  zones  during  the  day  (Fig.  C.2)  or  night  (Fig.  C.3)* 

These  curves  could  help  locate  optimum  shelter  locations  for  either  a 
day  or  night  attack  situation,  but  any  actual  location  selected  must 
be  satisfactory  for  both  of  these  cases.  During  the  day,  zone  D 
appears  to  be  the  best  ship  shelter  location  because  large  numbers  of 
people  are  close  to  this  waterfront  loading  zone.  Following,  in 
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Fig.  C.l  San  Francisco  Population  Areas 

Areas  1,  2,  6,  7,  6,  and  9  primarily  residential. 
Area  3  is  primarily  light  industrial. 

Area  4  is  both  residential  and  light  industrial. 

Area  5  is  residential^  business,  and  contains  the 
central  business  district. 
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Fig.  C,£: 
Dayt ime . 


Time  Tor  tVacuees  io  Reaeh  San  Francisco  "Loading  Zones 
(Use  with  Fig.  C.l  and  Tatle  C-l) 
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Fig.  C.3  Time  for  Evacuees  to  Reach  San  Francisco  "Loading  Zones" 
Nighttime.  (Use  with  Fig.  C.l  and  Table  C.l) 
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Table  C.l 


SAN  FRANCISCO  DAYTIME  AND  NIGHTTIME  POFUIATKa^S  BY  AREA 


AREA 

DAYTIME  POPUIATICN 

NIGHTTIME  POPUIATICN 

■ 

59,200 

(  6.5^) 

85,20c 

( 

11,2^) 

B 

72,600 

(  8.0^) 

89,700 

( 

11.8^) 

B 

64,100 

(  7.1W 

71,200 

( 

9.W 

B 

185,300 

(  ao.3W 

25,000 

( 

3.3?i) 

5 

244,900 

(  27. 05^) 

101,000 

( 

13.3?^) 

6 

31,500 

(  3.5^6) 

49,300 

( 

6.5^) 

7 

44,100 

( 

64,800 

( 

Q.6iy) 

8 

150,700 

(  16. 5?^) 

190,200 

( 

25*2$) 

57,200 

(  6.3^) 

81,000 

( 

10. 7^^) 

909,600 

(100.0^) 

757,400 

(100.0^) 
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decreasing  order,  would  be  zones  E,  F,  and  A.  Zones  C  and  B  appear  to 
be  of  little  or  no  use  as  mooring  places  due  to  the  small  number  of 
people  in  the  population  areas  from  which  these  zones  would  draw  their 
evacuees  and  the  slow  rate  of  their  arrived.  During  the  nighttime, 
zone  D  appears  to  be  a  good  location  for  ship  shelters  because  of  the 
rapid  influx  of  people  possible  into  this  zone;  a  disadvantage  is  the 
relatively  small  total  mrnber  of  people  living  close  to  this  loading 
zone.  Zones  F  and  A  are  both  good,  each  having  almost  double  the 
number  of  potential  evacuees  of  zone  D.  Zone  E,  at  night,  would  be  a 
poor  ship  shelter  location.  Zones  C  and  B  are  both  fair  to  poor  night¬ 
time  choices,  due  to  the  relatively  slow  rate  at  which  people  would 
arrive  at  these  loading  zones.  It  should  be  noted  that  the  nighttime 
curves  tend  to  bunch  together  far  more  than  the  daytime  curves;  one 
reason  for  this  is  the  longer  assumed  nighttime  reaction  times  that 
tend  to  mask  differences  in  walking  speeds  and  distances  to  shelter 
that  would  apply  to  the  daytime  situations. 

Figures  C.2  and  C.3  are  quite  encouraging  and  show  that  a  large 
part  of  San  Francisco's  population  could  quickly  reach  ship  shelters. 
Within  15  min  nearly  22^  of  the  city's  daytime  population  could  reach 
ship  shelters.  Loading  zones  D  and  E  account  for  two- thirds  of  this 
total.  Unfortunately,  because  of  the  longer  assumed  nighttime  reaction 
times,  less  than  1^  of  the  nighttime  population  would  have  reached  ship 
shelters  at  this  time.  By  30  min  after  warning,  however,  l6^  of  the 
nighttime  population  could  be  at  a  ship  shelter  (about  three-fourths 
of  this  number  would  be  evenly  distributed  at  loading  zones  A,  C,  D, 
and  F).  The  corresponding  30-ra±n\ite  daytime  figure  is  51^  of  the  total 
population,  with  loading  zones  D  and  E  accounting  for  JOf)  of  this  total. 
If  1  hr  warning  time  could  be  pi'ovided,  86^  of  the  daytime  population 
and  63'/i  of  the  nighttime  population  could  be  at  ship  shelters.  Loading 
zones  D  and  F  would  account  for  over  one-half  of  this  l-lir  nighttime 
figure  in  approximately  equal  proportion.  People  would  begin  arriving 
at  the  ship  shelters  after  about  10  minutes  after  warning  and  arrival 
would  be  virtually  complete  two  and  a  quarter  hours  after  warning  In 
both  the  daytime  and  nighttime  cases. 

The  data  analyzed  consisted  of  (l)  i960  Census  Tract  Totals,  (2) 
General  Social  and  Economic  Characteristics  of  the  San  Franc is co-Ctoland 
Standard  Metropolitan  Statistical  Area;  i960,  (3)  Population  and  Housing 
Analysis  for  San  Francisco;  i960,  (4)  Total  I960  Employment  in  San  Fran¬ 
cisco  and  Northern  San  Mateo  Counties  by  Metropolitan  Traffic  Zones 
(collected  by  the  California  Department  of  Employment),  (5)  1961  Student 
Population  of  San  Francisco,  (6)  appropriate  maps  relating  to  the  above 
items,  and  (7)  various  estimates  from  the  San  Francisco  Visitors  and 
Convention  Bureau,  San  Francisco  Hotel  Association,  and  San  Francisco 
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Chamber  of  Commarce 


The  nichttime-population  estimate  was  based  entirely  on  Bureau  of 
the  Census  data  and  Chamber  of  Commerce  tourist  and  visitor  estimates. 

The  daytime-population  estimate  was  deduced  from  all  the  data  cited 
above.  Tiiis  estimation  was  complicated  by  the  large  daytime  influx  of 
workers  into  San  Francisco  from  the  suburbs  and  also  by  the  daytime 
mobility  of  the  resident  San  Francisco  population.  Oddly  enough,  even 
though  San  Francisco  is  an  important  tourist  attraction,  visitors  to 
the  city  accounted  for  only  about  3^  of  the  population  and  were  easily 
accounted  for. 

The  daytime  population  was  assumed  to  consist  only  of  (l)  persons 
employed  in  San  Francisco,  (2)  persons  attending  college  in  San  Fran¬ 
cisco  (3)  San  Franciscans  who  were  neither  working  nor  attending 
college  and  (1)  tourists  and  visitors  to  the  city.  Tlie  distribution 
of  persons  from  groups  (l)  and  (2)  within  the  9  city  population  areas 
was  determined  from  California  State  Department  of  Emplo5niient  statistics. 
The  number  of  people  in  group  (3)  was  assumed  equal  to  the  total  San 
Francisco  nighttime  population  less  the  number  of  San  Franciscans  gain¬ 
fully  employed  or  attending  college.  Estimates  of  the  number  of  tour¬ 
ists  and  visitors  in  San  Francisco  were  gained  from  the  San  Francisco 
Chamber  of  Commerce,  Hotel  Association,  and  Visitors  and  Convention 
Bureau.  People  in  group  (3)  were  considered  distributed  within  each 
population  zone  in  proportion  to  the  nighttime  population  distribution. 
People  in  group  (4)  were  considered  to  be  uniforaily  distributed  in 
each  area. 

The  objective  of  the  population  mobility  study  was  to  determine, 
as  a  function  of  time,  the  maximum  number  of  people  who  could  reach  the 
nearest  San  Francisco  waterfront  loading  zone  on  foot.  The  waterfront, 
in  this  study,  was  defined  as  that  part  of  the  perimeter  of  San  Fran¬ 
cisco  touched  either  by  the  Pacific  Ocean  or  San  Francisco  Bay.  This 
perimeter  was  divided  into  six  loading  zones  (zones  A  through  F; 
see  Fig.  C.l).  This  perimeter  will  subsequently  be  called  the  "wetted 
perimeter."  People  from  the  nine  population  areas  were  assigned  to  one 
of  the  six  loading  zones  closest  to  them.  In  the  computation,  it  was 
assumed  that  the  population  was  uniformly  distributed  within  each  of 
the  9  areas  noted  above  unless  the  available  data  suggested  otherwise. 

In  these  cases,  this  hypothesis  was  modified  in  the  following  way. 

Within  each  population  area,  two  to  four  representative  closest  dis¬ 
tances  to  the  wetted  perimeter  were  chosen  and  a  proportional  part  of 
each  area's  population  was  assumed  to  traverse  these  distances  on  foot. 
An  average  walking  speed  of  85  yd/mln, ^  normally  distributed  with  a 
standard  deviation  of  12.5  yd/mln,  was  chosen.  Average  speeds  for 
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each  5^  of  the  population  vere  determined  using  fractiles  of  the  normal 
distribution.^  It  vas  further  assumed  that  daytime  reaction  times 
(namely,  the  time  after  warning  when  movement  to  the  vetted  perimeter 
started)  were  2,  ij-,  6,  8,  and  10  minutes  for  each  20^  of  the  population; 
the  corresponding  nighttime  figures  chosen  were  6,  12,  18,  24,  and  30 
minutes . 

Using  the  data  and  assumptions  described  above,  the  total  number 
of  people  arriving  at  a  given  loading  zone  was  calculated  as  a  function 
of  time  after  warning.  These  data,  plotted  in  Figs.  C.2  and  C.3, 
indicate  that,  at  times  less  than  30  to  4o  min,  the  cumulative  percentage 
of  the  total  San  Francisco  population  reaching  a  given  loading  zone  is 
greater  during  the  day  than  at  night;  this  is  primarily  due  to  the 
shorter  daytime  reaction  times  assumed.  This  early  lead  is  always 
maintained  and  even  increased  in  loading  zones  D  and  E  where  evacuees 
are  drawn  from  the  heavily  populated  downtown  areas.  However,  in  the 
other  loading  zones,  there  is  a  cross-over  point  at  about  35  (this 
point  occurs  at  about  6o  min  in  loading  zone  F).  After  this  time,  the 
cumulative  percentage  of  the  total  San  Francisco  population  reaching 
the  loading  zone  is  greater  at  night  than  during  the  day.  Loading 
zones  D  and  E  are  exceptional  for  another  reason.  Only  in  these  two 
loading  zones  are  the  daytime  populations  greater  than  the  nighttime 
populations  --  and  by  such  a  large  amount,  that  the  total  daytime 
population  of  San  Francisco  is  about  75^  greater  than  the  total  nighttime 
population. 
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APPEI'IDIX  D 


NEW  YORK  AND  SAN  FRANCISCO  PORT  STUDIES  OP  SHIPPING 


Waterborne  traffic  (commercial  vessels,  military  passenger  ships 
and  militoi'y  cargo  vessels)  at  the  Ports  of  New  York  and  San  Francisco 
was  studied  for  periods  of  4  weeks  and  2  weeks,  respectively,  to  deter¬ 
mine  traffic  flow  patterns,  traffic  voluiiie  and  representative  lengths 
of  time  that  a  ship  remains  in  port  ("turnaround  time").  The  collected 
data  and  the  calculated  statistics  for  these  ports  were  then  studied 
to  see  how  waterborne  commercial  and  nonfighting  military  ships  might 
augment  our  civil  defense  capability  during  an  emergency. 

Traffic  at  the  Port  of  San  Francisco  was  studied  in  a  preliminary 
project  which  covered  the  period  from  23  I'iay  19*^2  to  11  June  I962. 

Only  those  sections  of  the  waterfront  that  are  a  part  of  the  city  of 
San  Francisco  were  considered.  Information  and  experience  gained  in 
this  study  were  applied  to  a  much  larger  study  in  which  data  fi’om  the 
27  New  York  and  New  Jersey  ports  (Fig.  6)  which  comprise  the  Port  of 
New  York  were  analyzed. 

The  prlmaiy-  sources  of  information  for  the  San  Francisco  port 
study  were  the  "Shipping  News"  of  the  San  Francisco  Examiner  and  Lloyd ' s 
Register  of  Shipping.  Information  sources  used  to  study  waterborne 
traffic  at  the  Port  of  New  York  included  Lloyd's  Register  of  Shipping, 

The  Journal  of  Commerce  and  Commercial,  a  daily  newspaper  containing 
much  shipping  news,  and  data  I’eceived  from  The  Port  of  New  York  Authority. 

In  the  Gan  Francisco  study  a  record  vras  kept  for  each  ship  entering 
the  Port,  the  vessel's  arrival  date,  pier  where  docked,  and  date  of 
departure.  For  the  time  period  studied,  a  record  was  also  made  of  the 
number  of  ships  in  port  on  any  given  day  (Fig,  D.l).  Tanlters  were  not 
counted  because  they  could  not  be  used  for  lifesaving  applications. 

The  gross  and  net  tonnage  of  each  vessel  listed  was  found  in  Lloyd's 
Register,  and  the  concentration  of  pier  activity  at  the  Port  was 
studied.  Similar,  but  not  identical,  statistics  were  kept  for  the 
Port  of  New  York.  Those  statistics  that  were  felt  to  be  most  meaningful 
and  most  useful  were  collected  and  analyzed  to  obtain  a  picture  of  the 
Port's  activity  and  the  potential  usefulness  and  capability  of  such 
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MAY  :  JUNE 


Fig.  D.l  Number  of  Ships  in  the  Port  of  San  Francisco  During 
the  Period:  29  May  1962  -  11  June  I962 
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harbor  traffic  In  the  event  of  a  local  or  national  disaster. 

The  data  collected  for  the  first  7  days  for  both  ports  were  not 
used  when  calculating  the  average  number  of  ships  in  port,  so  that 
nearly  all  the  ships  logged  out  of  each  port  were  first  recorded  as 
arriving  in  port.  The  averages  collected  were  for  each  12-hr  period 
and,  for  the  Port  of  San  Francisco,  covered  the  period  from  29  May  1962 
to  11  June  1962,  that  is,  after  the  first  7  days'  data  were  eliminated. 
Figure  D.l  depicts  the  number  of  ships  in  the  Port  of  San  Francisco 
during  this  period  and  illustrates  the  wide  fluctuations  from  one  part 
of  the  week  to  another  and  from  one  week  bo  the  next.  Althouj^  this 
generalization  is  based  on  a  very  short  period  of  time  it  was  substan¬ 
tiated  in  the  Port  of  New  York  both  by  the  Port  oi'  New  York  Authority 
data  and  by  the  Port  of  New  York  data  collected  for  this  study  (see 
below). 

Table  D.l  shows  that  the  median  ship  turnaround  time  in  San  Fran¬ 
cisco  was  2.25  days,  and  the  average  (aritlimetic)  turnaround  time  was 
3.75  days.  The  average  turnaround  time  was  greater  than  the  median 
turnaround  time  both  in  San  Francisco  and  at  all  of  the  ports  comprising 
the  Port  of  New  York  because  of  the  very  long  turnaround  time  of  a 
relatively  small  number  of  ships.  It  seems  reasonable  to  expect  this 
generalization  to  hold  true  for  other  ports  as  well  as  for  those  in¬ 
vestigated  in  this  study. 

On  the  average,  approximately  19  ships  were  present  in  the  Port  of 
San  Francisco  during  the  time  of  this  study  and  these  had  an  average 
net  tonnage  of  3700  tons  and  an  average  gross  tonnage  of  7OOO  tons. 
Figure  D.2  shows  that  ship  activity  is  not  uniformly  distributed 
throughout  the  San  Francisco  harbor  area  but,  rather,  is  concentrated 
in  four  or  five  piers  or  groups  of  piers.  This  nonuniform  ship-traffic 
concentration  also  occurs  in  the  Port  of  New  York. 

Table  D.l  summarizes  much  of  the  data  collected  for  the  entire 
Port  of  New  York  for  the  period,  17  July  I9C2  to  21  August  I962.  This 
table  illustrates  both  the  great  amount  of  port  activity  and  also  how 
this  activity  is  heavily'  concentrated  in  only  a  few  of  the  harbors 
which  comprise  the  Port  of  Hew  York,  This  study  indicates  that  Brooklyn 
alone  accounts  for  46^  of  the  number  of  ships  in  the  Port  of  New  York, 
and  Manhattan  (North  River)  accounts  for  over  17^  of  all  the  ships  in 
port.  Thus,  these  two  ports  together  account  for  nearly'  two-thirds  of 
all  of  the  traffic  (by  number  of  ships)  in  the  Port  of  New  York.  In 
addition,  at  the  Port  of  Brooklyn,  the  shipping  activity  is  far  greater 
at  certain  selected  docks  or  groups  of  docks  than  at  others.  For 
instance,  the  Brooklyn  Array  Terminal,  the  Erie  Basin,  and  the  Bush  Docks 
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Selected  Statistics  for  Various  Ports 


23 


*  Extrapolation  so  that  all  time  figures  are  comparahle 


Fig.  D.2  Pier  Activity  in  the  Port  of  San  Francisco  During 
the  Period:  29  May  19^2  -  11  June  1962 
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in  BrookliTi  accounted  for  41.5^  of  all  the  ships  except  tankers  that 
arrived  in  Brooklyn  during  the  time  period  studied.  Such  congestion 
is  less  apparent  in  Manhattan  (North  River)  where  the  distribution 
of  the  busiest  piers  seems  to  be  more  unifom. 

Table  D.l  also  shows  that  passenger  vessels  that  enter  the  Port 
of  New  York  tend  to  be  distributed  nonuniformly.  Of  all  the  passenger 
vessels  entering  all  of  Nev/  York's  harbors,  11,%  dock  in  Manhattan 
(North  River)  and  more  than  13.5^  dock  in  Hoboken,  New  Jersey.  Tlius, 
these  two  harbors  together  account  for  over  90/o  of  the  passenger  vessel 
activity  in  the  Port  of  New  York.  This  finding  is  extremely  signifi¬ 
cant,  since  many  of  these  vessels  are  larger  than  the  average  vessel, 
are  particularly  suitable  for  housing  people,  and  have  significant 
electrical-generating  and  water-distilling  capability. 

Figure  7  shows  the  dally  totals  of  all  ships  (except  tankers)  in 
the  Port  of  New  York  and  also  the  daily  totals  for  the  component 
harbors  of  Brooklyn  and  Manhattan  (North  River)  for  the  time  period 
analyzed.  These  figures  illustrate  the  wide  weekly  fluctuations  and 
the  even  greater  weekday  fluctuations  in  the  total  number  of  ships  in 
port.  A  definite  midweek  maximum  and  weekend  minimum  number  of  ships 
is  evident,  along  with  an  increased  nimiber  of  ships  at  the  beginning 
of  the  week  and  a  tapering  off  toward  the  end  of  the  week.  These  data, 
for  the  short  period  studied  agree  quite  well  with  Port  of  New  York 
Authority  data  collected  for  a  6  month  period  in  1955-3956  (3?'i6*  33.3). 

The  Port  of  New  York  Authority  has  stated:  "The  number  of  commer¬ 
cial  deep-sea  vessels  in  port  at  any  one  time  varies  from  a  lov/  of  90 
(plus  or  minus  20‘,S)  over  weekends,  to  a  high  of  175  (plus  or  minus 
20^j)  in  the  later  part  of  a  week.  These  figures  are  based  upon  1961 
data  and  include  all  types  of  vessels.  The  average  breakdown  of  this 
in-port  count  would  be  50^  general  cargo  common  carrier;  Ziiu  tanker; 

18^  specialized  or  industrial  carriers;  and  %  passenger."  In  another 
part  of  this  same  communication  they  added:  "On  the  average,  39  deep- 
sea  vessels  arrived  daily  In  the  Port  of  New  York  in  I96I;  typical 
breakdown  of  this  traffic  would  be;  Common  Carrier  General  Cargo 
(19),  Tankers  (ll),  Specialized  (banana,  sugar,  etc.)  {l),  Passenger 
(2),  Total  (39)." 

The  length  of  time  these  ships  remained  in  the  Port  of  New  York 
is  listed  in  Table  D.l.  The  median  turnaround  times  ranged  from  2  to 
3  days,  whereas  the  arithmetic  averages  ranged  from  2.5  to  4  days  and 
are  generally  about  1  day  more  than  the  median  times.  This  difference 
is  due  here  (as  in  the  San  Francisco  port  study)  to  the  disproportionate 
effect  on  the  arithmetic  average  caused  by  a  relatively  small  number 
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NUMBER  OF  VESSELS 


Fig.  D.3  Daily  Totals  of  General  Cargo  Vessels  in  the  Port  of  New  York 

This  chart  covers  only  general  cargo  vessels  which,  in  I961, 
accounted  for  approximately  50^  of  the  ship  traffic  at  the 
Port  of  New  York.  (Source:  The  Port  of  New  York.  Authority) 
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of  ships  that  remained  in  port  for  long  time  periods 


The  Port  of  New  York  Authority  stated  further;  "The  turnaround 
time  for  vessels  in  the  Port  of  New  York  varies  "by  type  of  vessel. 
Conmon  carrier  general  cargo  ships  average  between  3*5  and  4.5  days 
in  portj  passenger  liners  average  between  2. 5  and  3*5  days;  tankers  1 
to  2  days;  specialized  vary  widely  -  container  ships  1.5  days;  bulk 
sugar  5  days;  lumber  5  days;  scrap  8  days,  etc."  These  figures  are 
very  close  to  those  median  values  cited  above  for  turnaround  times. 
Figure  D.4  depicts  the  ship  turnaround  times  found  in  this  study  for 
three  selected  harbors  in  the  Port  of  New  York.  Two  essential  features 
of  this  figure  are  (l)  the  similarity  of  the  3  curves  and  (2)  the 
narrow  range  of  stay  times  that  includes  most  of  the  ships  in  each 
port. 


The  main  point  to  bear  in  mind  when  assessing  this  mass  of  infor¬ 
mation  and  its  possible  application  to  civil  defense  purposes  is  that, 
on  any  given  day  in  the  Port  of  New  York,  there  are  probablj'’  45  to  90 
common  carrier  general  cargo  vessels,  24  to  48  tankers,  l6  to  32 
specialized  carriers,  and  5  to  10  passenger  vessels. 


Fig.  D.4-  Ship  Stay-Time  at  Selected  Harbors  of  the  Port  of 
New  York  During  the  Period:  21  July  19^2  -  I3  August  1962 
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APPENDIX  E 


Proposed  Conversion  of  ECg  (Liberty)  Ships 
to  Personnel  Shelters 
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ABSTRACT 


A  study  vas  made  of  the  engineering  feasibility  of  conversion  of 
surplus  Liberty  (EC2)  cargo  vessels  to  personnel  shelters.  The  con¬ 
clusions  indicate  that  stability  of  the  converted  vessels  would  be 
adequate  and  that  from  an  engineering  standpoint  these  vessels  could 
be  converted  to  the  intended  use  as  fallout  survival  shelters  for 
5000  persons. 
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REPORT  OF  INVESTIGATION 


1.  INTRODUCTION 


1.1  USNRDL  is  Investigating  various  proposals  for  providing 
personnel  fallout  shelters.  As  part  of  this  project,  a  study 
was  undertaken  to  determine  the  feasibility  of  converting 
surplus  Liberty  cargo  ships  to  such  service,  based  on  a  poten¬ 
tial  life  of  5  -  10  years  under  minimal  maintenance  conditions. 
Evacuated  personnel  are  to  remain  on  the  ship  for  a  minimum  of 
two  weeks. 

1.2  The  study  included  the  following: 

1.  Investigation  of  vessel  stability  after  conversion. 

2.  Development  of  sketch  plans  and  diagrams  sufficient  to 
permit  an  approximation  of  conversion  costs  (cost  estimates 
are  included  as  an  appendix  to  this  report). 

2.  DESCRIPTION  OF  VESSELS 

2.1  Standard  EC2  "Liberty"  ships; 


Length  Overall  - - i)-4l'-6" 

Length  betw.  Perpendiculars  i+l6'-0" 

Breadth  .  57 ’-0" 

Depth  to  Upper  Deck  ----- —  37 ’-4" 


2.2  The  standard  EC2  has  2  complete  decks,  5  cargo  holds,  machinery 
amidships.  These  are  built  of  steel,  welded  and  riveted.  The 
extent  of  riveting  varies,  depending  on  where  built. 

2.3  The  condition  of  these  vessels  can  be  exjjected  to  vary  con¬ 
siderably  depending,  in  part,  upon  the  effectiveness  of  the 
preservation  methods  employed  and  length  of  layup.  Condition 
of  bottom  plating  will  obviously  be  an  important  consideration 
in  selection  of  vessels. 
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COWERS  least  PROPOSAIfi 


3.1  The  conversion  proposal  involves  the  stripping  of  the  vessel 
including  all  propulsive  machinery  and  equipment,  cargo  gear 
including  masts,  navigating  and  lifesaving  equipment,  piping 
and  electrical  systems,  crew  outfit,  and  other  equipment  not 
required  on  a  non-navigating  dumb  vessel.  The  midship  deck¬ 
house  structure  would  be  retained,  as  would  the  mast  houses. 

All  other  structure  above  the  upper  deck  would  be  removed. 

The  rudder  would  be  retained  and  made  fast  to  the  hull. 

Anchor  chain  would  be  retained  for  emergency  use.  Machinery 
removals  can  be  accomplished  thru  the  engine  and  boiler  hatches. 
Propeller  shafting  could  be  left  in  place  if  desired. 

3*2  The  vessel  could  accommodate  a  total  of  about  2000  persons  in 
the  lower  holds  and  on  the  second  deck,  on  the  basis  of  11-12 
sq.  ft.  per  person,  without  the  addition  of  new  structure  in 
the  holds.  Addition  of  2  complete  platforms  in  the  holds  and 
2  complete  platforms  in  the  machinery  space  will  provide  for 
an  additional  ^000,  for  a  total  of  5OOO  persons.  The  struc¬ 
tural  arrangement  of  the  vessel  under  this  proposal  is  illu¬ 
strated  on  "Structural  Modifications,"  Sheets  1-2-3* 

3.3  Since  these  vessels  are  to  be  permanently  moored,  the  U.S. 

Coast  Guard,  American  Bureau  of  ShippinB>  and  U.S.  Public 
Health  Service  requirements  applicable  to  self-propelled 
vessels  will  by  bypassed.  It  is  assumed  that  OCD  would 
institute  a  minimal  maintenance  program,  that  would  include 
protection  of  the  newly  installed  ventilation  fans  and  motors, 
diesel  generators  and  electrical  switchgear,  and  some  provision 
for  protection  of  the  hull  against  accelerated  corrosion. 

Since  the  vessel  would  be  permanently  moored,  shore  connections 
could  be  provided  for  the  fireraain,  fresh  vmter  and  electrical 
systems . 

STABILITY 

4.1  Stability  of  the  vessel  has  been  reviewed  with  the  following 
assumptions  considered; 

1.  No  ballast  of  any  description  aboard. 

2.  All  existing  fuel,  water  and  ballast  tanks  dry. 

3.  Stability  criteria  used  is  same  as  that  which  vrould  be 


applicable  under  USCG  regulations  for  a  passenger  vessel 
in  ocean  service. 

4.  The  USCG  figure  of  l40  pounds  as  the  average  weight  of  a 
person  with  no  baggage  applies. 

The  investigation  revealed  that  stability  would  be  no  problem 
for  any  condition  of  loading  up  to  the  maximum  of  an  estimated 
5100  persons  accommodated  aboard.  No  ballast  would  be  required 
for  this  purpose.  The  standard  USCG  Wind  Heel  and  Passenger 
Keel  requirements  would  be  met  by  a  wide  margin.  It  is  esti¬ 
mated  the  converted  vessel  would  have  a  trim  by  the  stem  of 
about  4'-0"  in  the  light  condition;  3 '“9"  when  fully  loaded. 
Should  this  be  considered  objectionable  it  could  be  modified 
somewhat  by  ballasting  the  fore  peak  tank. 

4.2  It  is  estimated  that  the  converted  vessel  would  have  a  lij^t 
ship  weight  of  about  3^00  long  tons,  loaded  weight  of  about 
3930  long  tons.  Under  these  conditions,  the  following  would 
be  the  vessel  characteristics: 


light  Ship 

Full  Load 
(5100  persons) 

Mean  Keel  Draft 

8.3' 

9'-0" 

CM  (available) 

10.6' 

8  .6' 

Draft,  Forward  Perp. 

6.25' 

8  .9' 

Draft,  Aft  " 

10.3^' 

10  .88' 

(24  Req'd,  Wind  Heel 

2  .16' 

(JM  Req'd  to  Limit  Passenger  Heel 

3  .11' 

to  140  (all  persons  concentrated 
at  1/4  beam  off  center),  all  in 
assigned  spaces 

GM  Req'd  to  Limit  Passenger  Heel 

.96' 

Partial  Load  of  I5OO  persons,  all 

on  weather  deck  at  1/4  beam  off 
center. 

MODIFICATIONS,  ACC(24MODATI(3NS  AND  FACILITIES 

5.1  The  proposed  changes  to  the  standard  EC2  type  vessel,  discussed 
briefly  above  are  indicated  on  the  following  diagrammatic-type 
drawings  included  in  this  report. 
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1.  structural  -  "Structural  Modifications,"  Sheets  l-2~3. 

2.  Accommodations  -  "Accommodations  Plan, "  Sheets  1-2. 

3*  -  "Diagram  of  Plumbing  Drains,  Deck  Drains,  Fresh 

Water  System,"  Sheet  1. 

4,  Piping  -  "Firemain,  ABC  Washdown  System  and  Sanitary 
System,"  Sheet  1. 

5*  Ventilation  -  "Ventilation  Diagram,"  Sheet  1. 

6.  Electrical  -  "Power,  Lighting,  and  Communication  Diagram," 
Sheet  1. 

Applicable  general  notes  are  included  on  the  above  plans. 

6.  CCNCLUSICN 


6.1  Modification  of  standard  EC2  type  cargo  vessels,  on  an  austerity 
basis,  to  serve  as  radiation  fallout  shelters  proved  feasible 
from  an  engineering  steindpoint.  For  a  potential  ready-service 
life  of  5-10  years,  a  preservation  program  for  the  newly 
Installed  components  and  for  the  bottom  of  the  hull  proper 
would  be  necessajy. 
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CQNVERSIQN  COSTS  FOR  A  LIBERTY  SHIP* 


1.  Systems 


a. 

Electrical  including  diesel  generators 

$  152,000 

b 

Washdown  system 

7,000 

c. 

Sanitary  and  firefighting 

94,000 

d. 

Fresh  water  storage  and  distribution 

13,500 

e. 

Ventilation 

91,000 

f. 

Communication 

12,500 

370,000 

Ccrapartments  (includes  cost  of  painting  and  bunks) 

a. 

Compartment  B 

15,000 

b. 

"  C 

26,000 

c. 

"  D 

18,000 

d. 

"  E 

16,000 

e. 

II  p 

13,000 

f. 

"  G 

13,000 

S* 

Command  Center 

2,000 

103,000 

Hull 

a. 

Concrete  (ij-")  and  steel  plate  (l/8") 

54,000 

b. 

New  decks  and  supporting  structure 

272,000 

c. 

New  interior  bulkheads 

60,400 

d. 

Interior  watertight  doors  and  embarcatlon  ports 

11,700 

e. 

Access  ladders 

17.500 

415,600 

Miscellaneous 

a  • 

Engine  rlpout  (incl.  2nd  deck  FR  88-IO8) 

26,700 

b. 

Midship  house  rlpout  (maindeck  and  above ) 

3,000 

c. 

Removal  of  topside  equipment 

5,700 

d. 

Removal  of  shafting 

3,100 

e. 

Docking 

15,000 

f . 

Removing  consol  oil 

11,500 

65,066 

SUBTOTAL 

953,600 

Less  10^  for  multiple  conversions 

95,400 

TOTAL 

$  858,200 

*  This  cost  estimate  was  prepared  by  the  The  Planning  and 
Estimating  Division,  San  Francisco  Naval  Shipyard. 
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SHELOER  CAPACm  OP  A  COflYERTEffi  UBERTT  SHIP 


— '-i.^.C^partinent 
Level 

B 

C 

D 

£ 

P 

G 

Total 

1 

rv. j  a  1  level  A 

2nd  deck  ^ 

level  B 

219 

159 

318 

210 

CO 

Hosp. 

240 

219 

1095 

let  platform 

183 

350 

243 

240 

279 

240 

1535 

2nd  platform 

180 

3^9 

243 

229 

264 

164 

1429 

Hold 

- 

291 

201 

1.67 

129 

- 

788 

Total 

7kl 

1308 

897 

804 

672 

644 

5066 
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SUMMARY 


This  study  was  authorized  to  determine  the  feasibility  of  emplacing 
surplus  EC“2  (Liberty)  ships  in  various  assigned  locations  to  serve  as 
Personnel  Fallout  Shelters  and  Emergency  Supply  Storage  centers.  It 
was  also  authorized  to  investigate  the  feasibility  of  burying  a  surplus 
battleship  of  the  Indiana  (BB-58)  class,  to  serve  as  a  Civil  Defense 
Operational  Headquarters. 

As  a  result  of  the  study  these  emplacements  appear  to  be  entirely 
feasible  from  an  engineering  viewpoint.  They  can  be  accomplished  in  a 
comparatively  short  time.  They  would  afford  excellent  protection 
against  the  hazards  specified,  for  large  numbers  of  personnel,  for  whole 
communities'  emergency  supply  requirements,  and  for  governmental  and 
civilian  defense  functions.  They  would  utilize  ships  in  protective 
functions,  for  which  they  are  ideally  suited,  as  opposed  to  possibly 
scrapping  them.  Finally,  these  emplacements  would  add  to  the  country's 
resources  for  thermonuclear  defense. 
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INTRODUCTICM 


A  number  of  merchant  vessels,  and  some  naval  warships  are  currently- 
being  scrapped  or  are  under  consideration  for  scrapping  in  the  near 
future.  The  largest  potential  source  of  surplus  ships  are  the  EC-2's 
(Liberty)  of  which  some  900  remain  afloat  in  the  NDRF.  Only  4  battle¬ 
ships  remain  extant  in  the  Naval  Reserve  Fleet  presently  and  their 
future  is  not  clestrly  defined  at  the  present  time. 

Studies  have  shown  that  the  interior  of  the  EC-2  can  be  safely 
converted  to  house  between  five  and  ten  thousand  persons  during  an 
emergency.  Used  as  a  fallout  shelter,  such  a  converted  vessel  would 
also  afford  some  blast  and  thermal  protection. 

It  is  the  purpose  of  this  study  to  determine  the  feasibility  of 
emplacing  converted  EC-2  ships  in  certain  locations  and  under  specified 
conditions  where  they  could  serve  as  Personnel  Fallout  Shelters  and 
Emergency  Supply  Storage  centers.  The  study  is  also  authorized  to 
investigate  the  feasibility  of  burying  a  surplus  battleship  for  use  as 
a  Civil  Defense  Operational  Headquarters  with  a  "high  probability  of 
survival"  in  the  event  of  a  themonuclear  attack. 
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PROJECT  SCOPE 


The  study  is  to  investigate^  discuss,  and  provide  cost  estimates 
for  each  of  the  three  cases  descrihed  below. 

Case  1  -  Personnel  Fallout  Shelter 

For  use  in  areas  where  underground  protection  is  unavailable  or 
inadequate,  but  which  are  eocessible  to  waterways  within  one-half 
hour's  walking  distance  of  population  centers.  This  application  of 
converted  EC-2's  considers  the  following  conditions; 

a.  One  ship  berthed  at  a  pier. 

h.  One  ship  beached. 

c.  Tliree  ships  beached. 

d.  One  ship  landlocked. 

Case  2  -  Emergency  Supply  Storage 

For  use  near  major  population  centers  where  serious  shortages  in 
food  and  other  vital  supplies  could  develop  following  a  massive  thermo¬ 
nuclear  attack.  The  emplacement  condition  considers  six  EC-2's,  loaded 
with  food  and  other  supplies,  moored  and  nested  in  deep  water. 

Case  3  ■  Civil  Defense  Operational  Headquarters 

For  use  as  a  centralized  operations  headquarters,  dui’ing  and  after 
a  thermonuclear  attack,  to  protect  and  maintain  the  essential  functions 
of  government.  The  emplacement  condition  considers  a  battleship  of  the 
Indiana  (bb-58)  clsiss  buried  near  the  downtown  section  of  a  metropolis 
and  adjacent  to  a  waterway.  Tlie  study  is  to  cover  the  preparation  of 
the  vessel  for  emplacement  though  the  conversion  of  the  interior  is 
not  within  its  scope. 

The  sites  to  be  considered  for  Cases  1  and  2  are: 

Norwalk,  Connecticut 

Charleston,  South  Carolina 

Norfolk,  Virginia 

San  Francisco  Bay,  California 
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New  Orleans,  Louisiana 
Chicago,  Illinois 
New  York,  New  York 

For  case  3  a  single  "good"  site  is  to  be  selected  from  any  of  the 
above  east  coast  locations. 
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DISCUSSION  OF  STUnr 


The  study  directed  itself  towards  isolating  the  prohlem  that  would 
be  faced  by  the  emplacements  specified.  These  were  then  sinalyzed  for 
solutions  which  are  consistent  with  good  engineering  practice.  Where 
more  than  one  solution  presented  itself,  the  most  economical  solution 
was  chosen  in  most  cases. 

Every  effort  was  made  to  indicate  the  direction  the  emplacement 
designs  should  take.  Drawings  were  based  upon  assumed  conditions  and 
these  conditions  were  considered  typical  for  each  emplacement.  The 
drawings  were  utilized  to  obtain  "order  of  magnitude"  cost  estimates 
with  no  allowance  made  for  possible  differences  in  labor  and  materials 
costs  in  the  various  locations. 

Since  no  on-site  inspections  were  included  in  this  study,  it  had 
to  rely  upon  the  extensive  experience  of  Frederic  R.  Harris,  Inc.,  with 
shore-front  facilities,  in  many  of  the  areas  listed.  Frequent  refer¬ 
ence  was  made  to  Frederic  R.  Harris*  extensive  library  of  U.S.  Coast 
and  Geodetic  Survey  maps,  municipality  and  area  maps,  and  soils  and 
foundations  studies  previously  conducted  in  the  areas  cited.  The 
familiarity  of  certain  staff  members  with  these  areas  was  of  consider¬ 
able  help  in  analyzing  the  various  sites.  In  addition,  current  litera¬ 
ture  was  reviewed  to  obtain  the  latest  thoughts  on  nuclear  blast  and 
fallout  shelter  design  for  possible  application  to  this  investigation. 

The  body  of  this  report  discusses  each  of  the  emplacements  in 
detail,  The  potential  sites  are  reviewed  in  connection  with  soils 
conditions.  The  Appendix  tabulates  the  cost  estimates  for  each  emplace¬ 
ment  and  also  lists  the  source  of  vessel  and  towing  distance  for  each 
site.  Finally,  there  is  included  a  specialized  solution  for  the  relief 
of  uplift  in  the  case  of  landlocked  and  buried  vessels. 
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PERSONNEL  FALLOUT  SHEI/PER  -  CASE  1 


General 


An  EC-2  ship  is  to  be  prepared  for  use  as  a  personnel  fallout  shelter. 
It  is  to  be  stripped  of  its  main  engines  and  the  below  deck  spaces 
altered  to  accommodate  between  five  and  ten  thousand  persons.  It  is  to 
be  provided  with  diesel  motor  generator  sets;  fresh  water  in  specially- 
coated  tanks;  washdown,  fire-fighting,  and  sanitary  systems;  filtered 
ventilation  with  blast-protected  vents;  and  three  access  doors,  about 
eleven  feet  wide,  through  the  starboard  side,  leading  to  the  second 
deck.  During  stand-by  or  readiness  periods,  the  spaces  below  main  deck 
are  to  be  sealed  and  kept  under  dehumidification.  The  deck  house  is  to 
be  kept  available  for  civic  functions  as  described  in  Appendix  E. 

The  vessel  is  to  be  towed  to  its  prepared  emplacement  site,  located 
within  thirty  minutes  walk  of  a  population  center.  The  emplacement  is 
to  be  designed  for  five  pounds  per  square  inch  overpressure  and  four 
hundred  calories  per  square  centimeter,  thermal  radiation  from  a  thermo¬ 
nuclear  blast.  It  is  assumed  that  all  personnel  are  aboard  prior  to 
the  blast,  the  vessel  is  sealed-off,  and  that  the  washdown  system  is  in 
operation. 

The  emplacement  site  must  provide  an  access  route  and  staging  area 
to  handle  'ten  thousand  persons  in  one  hour;  a  shore-based  fifty  kilowatt 
power  source;  a  twelve  hundred  gallon  per  minute  water  supply  for  the 
washdown,  firefighting  and  sanitary  systems;  and  diversion  of  washdown 
and  sanitary  discharges  where  necessary. 
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Nuclear  Blast 


An  overpressure  of  five  pounds  per  square  inch  corresponds  to  a 
dynaiuic  pressure  of  about  eighty  pounds  per  square  foot.  A  peak  over¬ 
pressure  of  this  magnitude  would  occur  at  a  distance  of  two  and  one- 
quarter  miles  from  ground  zero  for  a  one  megaton  free  air  burst.  For 
a  five  hundred  kiloton  free  air  burst  this  distance  would  be  one  and 
eight- tenths  miles.  These  pressures  are  of  exceedingly  short  duration, 
measured  in  seconds. 

The  thermal  radiation  from  a  500  kt  free  air  burst  corresponding 
to  a  dynamic  pressure  of  five  pounds  per  square  inch  is  approximately 
150  calories  per  square  centimeter.  The  thermal  radiation,  like  the 
blast  pressures,  is  also  of  comparatively  short  duration.  The  mass 
of  concrete  and  steel  applied  to  all  horizontal  surfaces  on  the  main 
deck  will  serve  tc  keep  down  the  temperature  rise  of  the  deck  itself. 
All  vertical  steel  plating,  exposed  to  the  thermal  radiation  would 
suffer  an  "instantaneous"  temperature  rise.  Considering  the  mass  of 
the  interior  grid-work  of  steel  in  contact  with  the  exterior  shell 
plating  and  the  fact  that  the  amount  of  thermal  radiation  reaching  the 
vessel  will  fall  off  rapidly,  the  "instantaneous"  temperature  rise 
will  dissipate  itself  quickly.  At  no  time  would  the  ship's  hull  be 
expected  to  become  as  hot  as  the  surface  of  a  heated  steam  radiator. 

As  a  safety  measure  it  is  recommended  that  all  persons  and  flammable 
materials  be  kept  out  of  contact  with  exterior  shell  plating.  For 
comfort  of  personnel,  of  course,  the  ventilation  system  should  function 
continuously. 

Fallout  which  will  be  deposited  on  all  horizontal  surfaces  will  be 
adequately  removed  by  the  washdown  system.  The  mass  of  concrete  and 
steel  plating  deposited  on  the  horizontal  surfaces  will  prevent  harmful 
radiation  from  penetrating  to  the  interior. 

The  washdown  water  will  actually  serve  two  functions,  the  removal 
of  fallout  and  the  cooling  of  those  surfaces  with  which  it  comes  in 
contact.  For  this  latter  reason  it  is  recommended  that  the  washdown 
system  be  put  into  operation  immediately  after  securing  all  personnel 
aboard. 
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One  Ship  Berthed  at  a  Pier  -  Case  la  (Dwg.  No.  l) 

For  the  purpose  of  this  study  It  is  assumed  that  a  suitable  pier  is 
available  with  sufficient  depth  of  water,  about  eleven  feet  minimum. 

The  pier  is  further  assumed  to  be  strong  enough  to  secure  the  vessel 
during  the  pre-attack  phase.  The  roads  leading  to  the  pier  are  con¬ 
sidered  adequate  to  handle  ten  thousand  persons  in  one  hour  and  the 
pier  itself  is  assumed  wide  enough  to  handle  this  number  of  people 
preparing  to  enter  the  shelter. 

The  shelter  is  towed  from  the  nearest  MAMD  fleet  and  moored  with 
its  starboard  side  adjacent  to  the  pier.  The  effects  of  an  eighty 
pound  per  square  foot  dynamic  pressure  will  be  similar  to  those  expe¬ 
rienced  with  the  peak  gusts  of  hurricane  force  wind  velocities.  A 
mitigating  effect  will  be  the  short  duration  of  the  loading.  Under 
such  conditions  inertia  of  the  vessel  will  help  absorb  the  energy  im¬ 
parted  to  it  by  the  suddenly  applied  force.  To  assist  the  vessel  in 
absorbing  this  energy,  the  lines  should  be  slackened  when  securing  for 
attack.  This  will  permit  the  vessel  to  move  and  absorb  some  of  the 
blast  energy  in  this  way,  before  the  lines  pick  up  the  load  and  transfer 
it  to  the  pier.  Also,  a  camel  is  kept  between  pier  and  vessel,  to 
prevent  the  vessel  from  damaging  itself  against  the  pier,  should  it  be 
heeled  over  sharply  by  the  blast. 

During  normal  times  the  deck  house  is  to  be  available  for  civic 
functions.  It  is  assumed  that  conventional  gangways  are  available  for 
access  to  the  main  deck,  for  this  purpose.  Access  to  the  shelter  in¬ 
terior  is  by  means  of  three  five  foot  wide,  light  weight,  metal  gangways. 
These  are  to  be  bolted  to  the  deck  before  and  after  boarding  the  shelter. 
In  these  stored  positions  they  will  be  available  when  needed  and  be 
protected  by  the  ship's  washdown  system  during  attack. 

The  required  rate  of  access  is  ten  thousand  persons  per  hour.  Since 
there  are  thiee  access  doors,  this  means  about  one  person  per  second 
per  doorway.  Each  eleven  foot  doorway  opens  on  a  six  foot  wide  passage¬ 
way  leading  forward  and  aft.  Considering  that  people  will  be  pressing 
to  get  aboard  and  that  there  will  be  none  or  little  space  between  them 
as  they  mount  the  gangway,  the  arrangement  specified  should  yield  more 
than  twice  the  desired  capacity  and  at  the  same  time  keep  any  congestion 
on  the  pier  deck,  where  it  can  be  readily  handled,  rather  than  in  the 
passageways,  where  many  difficulties  might  arise. 

The  external  power  source  is  indicated  as  a  fifty  kilowatt  diesel 
generator  set  with  a  one  thousand  gallon  burled  tank.  This  is  specified 
in  preference  to  a  public  utility  line  as  being  more  general  in  its 
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application.  The  generator  set  is  housed  within  a  reinforced  concrete 
shelter  with  tarred  windows  and  conventional  doors.  It  is  assumed  that 
under  "blast,  the  windows  and  door  will  he  hlown  out  tut  that  the  shelter 
and  generator  set  will  remain  intact  for  restoration  to  service.  The 
power  line  is  to  te  physically  disconnected  from  the  ship  prior  to 
securing  the  shelter  for  attack,  in  order  to  avoid  damaging  the  system. 

The  external  water  supply  can  te  taken  directly  from  the  surround¬ 
ing  waters  through  the  sea  chests.  For  this  study,  however,  it  was 
assumed  that  the  water  depth  is  too  shallow  so  that  mud  might  foul  the 
inlets.  Provisions  were,  therefore,  included  to  run  a  length  of  pipe, 
horizontally  from  each  pump  suction  throu^  the  hull  of  the  ship,  about 
three  feet  above  the  bottom.  The  inlet  is  screened  and  provided  with 
a  shut-off  valve.  Tlie  installation  of  this  intake  can  be  made  while 
the  ship  is  moored  alongside  the  pier. 

The  washdown  effluent  and  sanitary  discharge  are  allowed  to  flow 
directly  into  the  siirroundlng  waters. 

One  Ship  Beached  -  Case  lb  (Drawing  No.  2) 

A  vessel  could  be  beached  by  simply  running  her  aground.  Under 
such  conditions  it  is  likely  that  the  stem  would  be  afloat,  even  at 
low  water,  and  the  vessel  would  probably  develop  a  list.  In  addition, 
a  long  caipeway  or  other  type  of  access  route  over  water  would  be 
required.  This  means  of  access  would  have  to  be  durable  enough  to  be 
ready  at  any  time,  and  should  be  available  for  disembarkation  too. 

For  these  reasons,  therefore,  it  was  decided  to  dredge  a  slipway  with 
enough  depth  so  that  the  vessel  would  be  beached  at  high  water  with 
its  bow  about  one  hundred  feet  inshore  of  the  high  water  mark. 

With  the  slipway  prepared  to  receive  the  ship,  the  vessel  is  towed 
to  the  site  from  the  nearest  MARAD  fleet.  The  vessel  is  trimmed  to  a 
near  horizontal  keel  and  at  high  tide  is  given  enough  headway  by  two 
tugs  to  beach  Itself  in  the  slipway. 

The  external  water  supply  for  the  washdown,  firefighting  and  sani¬ 
tary  systems  are  obtained  by  running  a  line  to  ten  feet  of  water, 
minimum  depth.  A  ten  inch  diameter  line  is  used  terminating  in  a 
screened  inlet,  turned  up.  The  line  Itself  is  laid  in  a  trench  with 
the  outboard  end  anchored.  The  inshore  end  is  connected  to  a  ten  inch 
diameter  line  strap-welded  to  the  ship's  starboard  side  about  three 
feet  above  the  bottom.  This  section  of  the  water  line  is  flanged  at 
the  forward  end  and  tapped  and  connected  to  each  pump  suction  inlet 
through  the  hull.  All  the  laterals  are  fitted  with  valves. 
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A  ten  inch  diameter  sewage  line  is  strap  welded  to  the  port  side 
similar  to  the  water  line.  The  sewage  line  is  connected  to  each  sewage 
taiik  scupper.  The  aft  end  of  this  line  is  connected  to  a  ten  inch 
diameter  sea  line^  laid  as  for  the  water  line  except  that  its  outlet 
is  horizontal  and  cut  at  a  forty-five  degree.  The  sewage  line  outlet 
is  kept  a  minimum  of  one  hundred  feet  away  from  the  water  intake. 

After  the  pipework  is  completed  the  dredged  material  is  hackfilled 
against  the  hull  on  both  sides  from  the  bow  aft,  to  about  Frame  5^^135 . 
Surplus  material  is  mounded  to  a  height  of  about  fifteen  feet.  On  the 
starboard  side  the  mound  is  extended  to  a  width  of  about  twenty-five 
feet  minimum.  This  will  serve  as  a  staging  area  when  assembling  for 
entry  into  the  shelter. 

The  shoulder  is  sloped  off  gradually,  about  one  on  four,  to  reduce 
the  effects  of  dynamic  pressure  and  practically  eliminate  the  effects 
of  thermal  radiation  in  the  shielded  areas.  After  stabilizing,  the 
surfaces  are  paved  so  that  they  can  serve  to  catch  and  drain  the  wash¬ 
down  effluent  towards  the  aft  end  of  the  emplacement  where  it  will  be 
flushed  out  througsh  the  sewage  line. 

The  ship  will  have  to  be  ballasted  after  emplacement,  to  reduce 
uplift  during  storms  and  unusually  high  tides.  The  mounding  against  the 
vessel's  sides  will  greatly  assist  in  this  stabilization  but  the  ballast 
is  specified  for  exceptional  conditions.  Stability  against  overturning 
due  to  lateral  dynamic  pressure  is  about  eight  to  one.  This  is  with 
the  vessel  light  and  without  considering  the  effects  of  the  mounding, 
vnien  filled  with  people  this  stability  will  be  further  increased. 

Access  to  the  main  deck,  during  normal  times  is  by  way  of  a  stairway 
welded  to  the  starboard  side  of  the  ship.  For  access  to  the  shelter 
areas,  three  five  foot  wide  stair- ramps  are  provided.  These  are  of 
light-weight  metal  construction  and  bolted  to  the  deck  when  not  in  use. 

The  external  power  source  is  a  fifty  kilowatt  diesel- generator  set 
as  in  the  case  of  One  Ship  Berthed  at  a  Pier.  It  is  provided  with  a 
one  thousand  gallon  buried  tanlc  and  a  reinforced  concrete  shelter.  The 
power  cable  can  be  permanently  connected  to  the  ship's  main  deck  power 
panel. 

The  site  is  assumed  to  lie  near  a  highway  and  a  twenty  foot  wide 
access  road  is  laid  on  grade  to  connect  the  shelter  with  this  highway, 
about  fifteen  hundred  feet  away.  The  pavement  is  designed  for  pedes¬ 
trian  emd  light  vehicular  traffic.  A  vehicle  turning  area  is  provided 
near  the  bow  of  the  ship. 
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Three  Ships  Beached  -  Case  Ic  (Drawing  No.  3) 


All  conditions  and  methods  of  emplacement  are  the  same  as  for  One 
Ship  Beached. 

The  vessels  will  "be  beached  about  twenty-five  feet  apart  (fifty 
feet  maximum).  The  fill  between  the  vessels  will  serve  to  add  to  the 
stability  of  the  emplacement. 

The  water-supply  lines  for  the  vessels  are  combined  into  a  common 
system.  The  same  is  done  for  the  sewage -drainage  lines.  The  size  of 
the  sea  lines,  however,  are  increased  from  ten  to  twelve  inch  diameter. 

Separate  auxiliary  power  systems  are  supplied  for  each  shelter  to 
keep  them  independent.  In  the  event  of  a  failure  in  one  emergency 
power  can  be  supplied  by  the  other  two  units. 

The  ships  are  ballasted  as  with  One  Ship  Beached,  for  unusually 
high  tides  and  storms.  A  single  access  roadway  services  the  entire 
emplacement.  The  width  of  this  roadway  is  increased  to  thirty  feet. 

One  Ship  Landlocked  -  Case  Id  (Drawing  No.  4) 

For  purposes  of  this  study  the  vessel  is  landlocked  with  its  stem 
about  one  hundred  feet  inshore  of  the  high  water  mark.  All  other 
conditions  and  facilities  are  the  same  as  for  One  Ship  Beached  except 
that  the  sea  lines  are  increased  to  twelve  Inches,  no  stair- ramps  are 
required,  and  the  need  for  ballast  is  eliminated  by  elevating  the  ship 
above  its  normal  flotation  level,  at  high  tide. 

Elevating  the  ship  is  accomplished  in  a  manner  similar  to  that  used 
in  canal-locks.  The  steps  m^  be  listed  as  follows; 

a.  The  vessel  is  brought  into  the  slipway  at  high  tide. 

b.  The  sea  end  of  the  slipway  is  sealed  off  with  the  dredged 
fill. 

c.  Additional  fill  is  mounded  around  the  rim  of  the  basin  as 
needed. 

d.  Portable  pumps  are  used  to  raise  and  maintain  the  water 
level  in  the  basin  at  about  four  feet  above  high  tide. 
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e.  Sand  pumps  are  used  to  deposit  fill  under  the  keel.  11115 
is  continued  until  the  vessel  is  grounded.  The  water 
pumps  are  then  stopped. 

f.  The  previously  dredged  fill  is  hackfilled  into  the  basin 
and  the  surplus  mounded  against  the  vessel,  all  around. 

The  effect  of  elevating  the  ship's  bottom  in  this  fashion  is  to 
reduce  uplift  and  eliminate  the  need  for  ballast.  Sealing  of  the  slip¬ 
way  and  proceeding  with  raising  the  ship's  elevation  should  be  postponed 
until  after  the  pipe  work  on  the  ship's  hull  is  completed.  Connection 
to  the  sea  lines  cai-i  be  done  after  the  backfilling  is  complete. 

The  landlocked  ship  has  the  inherent  disadvantage  that  all  fallout 
lighting  in  the  surrounding  "lake"  (and  possibly  some  of  that  not 
properly  diverted  from  the  decks  of  the  ship  out  to  open  water)  will 
accumulate,  eventually  causing  the  "lake"  to  be  aljmost  as  radioactive 
as  the  surrounding  terrain. 


ITl 


EMERGENCY  SUPPLY  STORAGE  -  CASE  2 


General 

Six  EC-2  ships  are  to  he  loaded  with  food  and  other  essential 
supplies  and  nested  in  a  prepared  mooring.  The  site  is  selected  for 
proximity  to  a  major  population  center  where  critical  shortages  might 
develop  as  a  result  of  a  thermonuclear  attack. 

The  vessels  are  to  be  loaded  to  a  draft  of  twenty-eight  feet.  A 
twenty- four  hour  guard  is  to  be  maintained  on  the  ships.  Existing 
inboard  generators  will  be  used  to  supply  all  necessary  power.  Fresh¬ 
water  and  sanitary  facilities  are  included  in  one  of  the  ships, 
designated  the  mother  ship.  Washdown  is  not  required  as  any  personnel 
aboard  during  attack  can  find  adequate  shelter  fi*om  fallout  in  the 
shaft  alley. 

Emplacement  (Drawing  No.  5) 

The  vessels  are  to  be  towed  to  the  nearest  grain  loading  port  and 
from  there  to  the  emplacement  site.  The  appendix  includes  a  tabulation 
of  the  MARAD  fleet  nearest  to  each  emplacement  site  and  the  location 
of  the  grain  loading  port.  The  distances  given  are  approximations  only 

For  the  purpose  of  this  study,  it  is  assumed  that  some  dredging  is 
required,  an  area  of  about  seven  hundred  feet  by  one  thousand  feet,  and 
an  average  depth  of  six  feet.  All  dredging  is  assumed  to  be  completed 
in  advance  of  the  emplacement. 

The  type  of  mooring  and  facilities  selected  will  depend  upon  the 
kind  of  exposure  to  wind  and  tide  and  the  kind  of  bottom  at  the  site. 
P'or  this  study,  conditions  are  assumed  suitable  for  a  spread-mooring 
system  as  detailed  on  Drawing  No.  5*  The  four  ton  anchors  are  selectee 
as  one  possible  example.  In  suitable  bottom  they  should  develop  full 
strength  of  the  chains  and  cable. 

Comments 


Nuclear  fallout  and  thermal  radiation  will  have  no  objectional 
effect  on  this  emplacement.  Careful  storage  of  perishables  will 
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minimize  spoilage  due  to  any  possible  temperature  rise.  Concerning 
the  dynamic  pressure  of  eighty  pounds  per  square  foot,  as  was  stated 
earlier,  this  is  approximately  equal  to  pressures  resulting  from  peak 
gusts  of  hurricane  weather.  The  proper  selection  of  sites  can  mitigate 
these  conditions.  If  a  dredged  site  is  selected,  some  future  maintenance 
dredging  may  be  required. 
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CIVIL  DEFENSE  OPERATICMAL  HEADQUARTIIRS  -  CASE  3 


General 


A  battleship  of  the  Indiana  (BB  58)  class  is  to  be  buried  near  the 
dovmtown  section  of  a  large  metropolis  and  adjacent  to  a  waterway. 

The  burled  ship  is  to  be  used  as  an  operations  center  and  provide  a 
shielding  factor  of  0.001  against  nuclear  fallout.  It  is  also  to 
provide  protection  against  an  overpressure  of  thirty-five  pounds  per 
square  inch.  Access  to  the  operations  center  is  to  accommodate  five 
thousand  persons  in  one-half  hour. 

The  use  of  thick  armor  plating  and  heavy  high-tensile  (HTS)  and 
special- treatment  (STS)  steels  to  protect  the  vital  areas  of  a  battle¬ 
ship,  makes  it  ideally  suited  for  this  assigned  purpose.  When  burled, 
the  thermal  radiation  and  nuclear  fallout  will  have  little  effect  on 
the  interior  of  the  ship.  The  protected  area  offers  an  excellent 
chance  for  survival  against  the  indicated  overpressure  of  thirty-five 
pounds  per  square  inch. 

The  battleship  Massachusetts  (BB  59)  is  now  in  Norfolk,  Virginia. 
This  vessel  is  surplus  and  part  of  the  Naval  Reserve  Fleet.  For  this 
study  it  was  decided  to  consider  an  emplacement  in  Norfolk,  Virginia 
because  of  the  availability  of  the  vessel  and  the  proximity  to  vital 
national  functions. 

Preparation  of  Ship 

The  entire  superstructure  above  the  main  deck  is  to  be  removed. 

This  includes  the  sixteen  inch  guns  and  rotating  turrets.  The  station¬ 
ary  portion  of  the  No.  II  turret  is  to  be  cut  back  to  the  deck.  For 
this  study,  it  is  assumed  that  the  cost  of  removing  the  superstructure 
will  be  balanced  by  the  sale  price  of  the  scrap. 

All  deck  openings,  including  the  turrets  are  to  be  sealed  with 
reinforced  concrete  slabs.  The  main  deck  forward  of  Frame  and  aft 
of  Frame  ^^140  is  to  be  strengthened  with  a  reinforced  concrete  slab. 

The  shell  plating  forward  of  Frame  and  aft  of  Frame  #140  is  to  be 
reinforced  in  way  of  living  quarters  and  usable  spaces. 
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An  eight  foot  doorway  is  to  be  cut  through  the  blister  and  armor 
plating,  about  midships,  to  provide  access  to  the  Third  Deck  from  the 
outside.  This  doorway  is  to  be  enclosed  with  a  blast-proof  door,  and 
will  be  about  on  level  with  grade  after  emplacement. 

Any  additional  work  required  on  the  interior  of  the  ship  to  enable 
the  prescribed  operations  center  to  function  are  considered  extra  to 
this  study. 

Emplacement  (Drawing  No.  6) 

The  emplacement  site  is  selected  so  that  the  vessel's  stem  will 
be  about  one  hundred  feet  inshore  of  the  high  water  mark.  When  buried, 
the  rising  tide  can  be  expected  to  saturate  the  soil  surrounding  the 
vessel  to  approximately  its  flotation  depth.  This  will  result  in 
uplift.  Under  unusually  high  tides  or  storm  conditions  the  soil  cover 
might  be  broached.  To  avoid  this,  the  vessel  is  elevated  so  that  it 
is  grounded  well  above  its  flotation  level. 

The  steps  used  to  elevate  the  vessel  are  similar  to  those  used  for 
One  Ship  Landlocked.  These  are  as  follows: 

1.  A  slipway  is  dredged  for  a  distance  of  about  eight  hundred  feet 
inshore  of  the  high  water  mark.  The  depth  of  the  excavation  is  to 
accommodate  the  vessel  at  high  tide, 

2.  The  vessel  is  towed  from  its  storage  site  to  the  emplacement. 
Waiting  for  high  tide,  tugs  are  used  to  give  it  enough  headway  so  that 
it  moves  into  the  slipway. 

3.  The  sea  end  of  the  slipway  is  sealed  off  with  the  dredged  fill, 

k.  Additional  fill  is  mounded  around  the  rim  of  the  basin  as 
needed. 


5.  Portable  pumps  are  used  to  raise  and  maintain  the  water  level 
in  the  basin  at  about  six  feet  above  high  tide. 

6.  Sand  pumps  are  used  to  deposit  fill  under  the  keel.  This  is 
continued  until  the  vessel  is  grounded.  The  water  pumps  are  stopped. 

7.  The  previously  dredged  fill  is  backfilled  into  the  basin  and 
the  surplus  mounded  over  the  vessel. 
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Nuclear  Blast 


A  shielding  factor  of  0.001  against  the  radiation  from  nuclear 
fallout  requires  a  cover  of  thirty  inches  of  soil.  To  provide  against 
future  consolidation  the  minimum  cover  used  in  this  study  is  five  feet 
at  the  deck  edge.  The  contour  of  the  earth  cover  will  provide  a 
considerable  depth  in  excess  of  the  required  minimum. 

The  earth  cover  is  to  be  gradually  sloped  (minimum  one  on  five) 
and  faired  to  grade.  With  this  type  of  cover  the  effects  of  dynamic 
pressure  become  negligible  for  the  buried  condition. 

The  entire  area  surrounding  the  buried  ship  will  be  subjected  to 
the  thirty-five  pounds  per  square  inch  overpressure.  Burying  it  any 
deeper  than  indicated  would  not  materially  affect  this  loading.  As 
stated  above,  the  battleship  is  particularly  well  suited  to  resist  the 
overpressure,  especially  in  way  of  the  blisters.  As  a  safety  precau¬ 
tion,  it  is  recommended  that  during  attack,  all  personnel  retire  to 
the  protected  sections  of  the  vessel. 

Additional  Comments 


Access  to  the  Third  Deck  opening  is  via  reinforced  concrete  tube 
or  tunnel.  The  tunnel  rests  on  grade  at  its  outboard  end  and  is 
supported  by  the  ship's  side,  on  its  inboard  end.  The  entrace  is 
closed  with  a  blast-proof  door  aj:..  there  is  a  paved  area  in  front. 

This  will  act  as  a  staging  area  for  personnel  and  a  turning  area  for 
vehicles.  The  wing  walls  are  sloped  upwards  towards  the  ship  to  reduce 
the  effect  of  dynamic  pressure.  A  paved  access  roadway  is  laid 
directly  on  grade  to  the  adjacent  highway. 


SITE  SELECTION  MD  SOILS  COKDITICNS 


Indications  are  that  each  of  the  locations  has  one  or  more  sites 
sultahle  for  both  Case  1  -  Personnel  Fallout  Shelter  and  Case  2  - 
Emergency  Supply  Storage.  The  tabulation  below  lists  suggested  emplace¬ 
ment  sites  for  each. 

Location  Case  1  Case  2 


Norwalk,  Conn. 
Charleston,  S.C. 
Norfolk,  Va. 

San  Francisco  Bay 
New  Orleans,  La. 
Chicago,  Ill. 

New  York,  N.Y. 


off  Seaview  Park 
near  Yacht  Basin 
lynn  Haven  Beach 
south  of  Hunters  Point 
south  of  Huey  Long  Bridge 
Lake  Shore  Forest, 

East  Chicago 
Plum  Beach,  Jamaica  Bay- 


South  of  Wilson  Point 
near  Yacht  Basin 
lynn  Haven  Beach 
south  of  Hunters  Point 
south  of  Huey  Long  Bridge 
Lake  Shore  Forest, 

East  Chicago 
East  Rockaway  Point 
Jamaica  Bay 


The  soils  conditions  in  each  of  these  locations  (see  Appendix) 
would  probably  lend  themselves  to  emplacement  procedures  similar  -to  the 
ones  described  above.  It  would  be  essential  to  survey  the  sites  and 
study  the  soils,  tides,  and  weather  conditions  before  deciding  upon  the 
emplacement  and  proceeding  with  the  designs. 


For  Case  la  -  One  Vessel  Moored  at  a  Pier  -  locating  a  suitable 
pier  would  be  the  most  important  aspect  of  the  site  survey.  Weather 
and  tide  would  also  be  of  some  consideration  as  well  as  the  accessibility 
of  the  pier  to  adjacent  roadways. 
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COST  ESTIMATES 


All  costs  are  "order  of  magnitude"  costs  only  and  are  taliulated  in 
the  Appendix.  To  arrive  at  these  costs,  however,  quantities  were  used 
in  each  case  based  upon  the  assumed  conditions  outlined  in  the  applic¬ 
able  chapter.  The  towing  charges  are  going  rates  based  upon  estimates 
secured  from  established  towing  concerns.  The  towing  distances  used 
for  this  estimate  axe  also  given  in  the  Appendix  and  are  approximate, 
only.  Note  that  the  trip  to  Chicago  has  to  be  made  from  the  MARAD 
Fleet  in  the  Hudson  River  via  the  St.  Lawrence  Seaway.  This  route  is 
about  twenty-nine  hundred  miles  and  raises  the  cost  of  this  emplacement, 
under  some  conditions,  to  about  four  times  that  of  closer  sites. 

The  table  that  follows  tabulates  the  per  capita  emplacement  cost 
for  each  of  the  four  conditions  assumed  under  Case  1  -  Personnel  Fallout 
Shelter.  Because  of  its  long  towing  distance,  Chicago  is  treated 
separately.  All  the  other  locations  are  ccsnbined  and  a  single  average 
cost  shown  for  the  six  sites. 

Per  Capita  Emplacement  Cost 
Case  1  -  Personnel  Fallout  Shelter 


Condition  Chicago  Only 


Average  Cost 
All  Other  Sites 


a 

b 

c 

d 


$  8.00 
13.70 
11.37 
17.80 


2.42 

8.07 

5.7^ 

12.17 


The  average  cost  for  the  emplacement  of  six  vessels  under  Case  2  - 
Emergency  Supply  Storage  at  each  of  the  sites  except  Chicago,  is  Two 
Hundred  Ninety  Thousand  Dollars.  For  Chicago,  again  because  of  the 
long  towing  distance,  this  cost  is  higher.  Six  Hundred  Twenty-Six 
Thousand  Dollars. 


The  cost  of  burying  the  battleship  Massachusetts  on  a  site  in 
Norfolk,  Virginia  is  Five  Hundred  Twenty-Five  Thousand  Dollars.  This 
cost  includes  preparation  of  the  ship  as  well  as  emplacement. 
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CmCLUSICWS 


The  enrplacement  of  surplus  ships  in  carefully  selected  and  prepared 
sites,  offers  economical  solutions  to  some  of  the  highly  coir?>lex 
problems  of  national  defense.  At  comparatively  low  cost  per  capita, 
they  can  provide  personnel  fallout  shelters  for  small  ccmimunities  that 
are  accessible  to  waterways.  Pood,  medical  and  other  essential  supplies 
could  also  be  readily  stock-piled,  with  a  good  chance  of  being  available 
for  use  when  needed  after  the  attack  phase  had  passed.  Used  as 
"hardened"  civil  defense  headquarters,  they  could  be  made  safe  against 
nuclear  blast  except  for  a  direct  hit.  In  addition  to  the  above,  the 
surplus  ships  are  readily  available  and  their  emplacements  could  be 
acccmrplished  in  relatively  short  times,  while  their  utilization  would 
put  the  vessels  to  better  use  than  their  present  methods  of  disposal. 

As  a  result  of  this  study,  therefore,  it  is  concluded  that  the  plan 
to  utilize  surplus  ships  as  Personnel  Fallout  Shelters,  Emergency  Supply 
Centers,  and  Civil  Defense  Operational  Headquarters,  is  entirely 
feasible. 
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APPENDIX 


CASE  I  -  PERSONNEL  FALLOUT  SHELTER 
EMPLACEMENT  COST  ONLY 


Site  Preparation 
Ship  Preparation 
Shore  Utilities 
Earthvork 
Surfacing 
Roadway 

TOTALS 


la 

One  Ship  Berthed 
At  Pier 


10,000 

1,500 

8,500 


Ih  Ic 

One  Ship  Three  Ships  Beached 
Beached 


15,000 

20,000 

8,500 

10,000 

7,500 


17,500 

15,000 


158,000 


28,000 

25,000 

8,500 

30,000 

10,500 


NorwaD^j  Chari.  I  Norfo 


S.C.  I  Va. 


TOTALI  23,U00  26,900  22,00d  23,100 


Id  Towing 
Emplace 
ment 


New  Orl. 

Chicago 

LSte 

ILL. 

23,100 

26,700 

3,500 

7,500 

76,000 

76,000 

79,500 

83,500 

10,500 

22,500 

158,000 

158,000 

168,500 

180,500 

3,500 

7,500 

117,000 

117,000 

120,500 

124,500 

61,000 

76,000 


80,000  23,000 


3,500 

76,000 


137,000  79,500 


10,5 

158,0 


I 


341,000  168,500 


61,000 

117,000 


3,500 

117,000 


178,000  120,500 


Cost  Estimates  (Continued) 


CASE  2  -  EMERGENCY  SUPPLY  CENTER 

TOTAL  COST  - 

EMPLACEMEN 

T  PLUS  TOWING 

Norw. 

Chari. 

Norfolk 

Chicago 

New  York 

Conn. 

wmam 

Va. 

Ill. 

N.  Y. 

Towing  to 
Grain  Port 

20,500 

12,000 

12,000 

18,500 

40,000 

360,000 

18,000 

Towing  to 
Site 

16,000 

l^6,ooo 

12,600 

17,000 

14,500 

16,000 

15,000 

ttoortng 

Facilities 

100,000 

100,000 

100,000 

100,000 

100,000 

100,000 

100,000 

Dredging 

Basin 

150,000 

150,000 

150,000 

150,000 

150, 000 

150,000 

150,000 

TOTALS 

286,500 

308,000 

271^,600 

285,500 

304,500 

0 

0 

0 

VO 

<M 

VO 

283,000 

CASE  3  -  CIVIL  DEFENSE  OBERAiTIONAL  HEA]3ftUABTERS 

NORFOUC>  VA. 


1. 

Site  Preparation 

$175,000 

2. 

Shipwork 

100,000 

3- 

Towing  and  Positioning 

7,000 

4. 

Earthwork 

230,000 

5- 

Access 

13,000 

TOTAL 

$525,000 
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Case  1  - 

Personnel  Fallout  Shelter 

MARAD  Fleet 

Emplacement  Site 

Miles 

John's  Pt.,  Hudson  River, 
New  York 

Norwalk,  Conn. 

100 

Wilmington,  N*C. 

Charleston,  S.C. 

150 

Fort  Eustis,  James  River, 
Virginia 

Norfolk,  Va. 

20 

Suisun,  California 

San  Francisco,  Cal. 

75 

Mobile,  Alabama 

New  Orleans,  La. 

150 

John's  Pt.,  Hudson  River, 
New  York 

Chicago,  Ill. 

2900 

John's  Pt.,  Hudson  River, 

New  York,  N.Y. 

75 

New  York 


Case  2  •>  Emergency  Supply  Storage 


MARAD 

Fleet 

Grain  Loading 
Port 

Miles 

Emplacement 

Site 

mies 

John's  Point 

New  York,  N.Y. 

55 

Norwalk 

40 

Wilmington 

Norfolk,  Va. 

350 

Charleston 

500 

Fort  Eustis 

Norfolk,  Va. 

10 

Norfolk 

10 

Suisun 

San  Francisco, 
Cal. 

75 

San  Francisco 

30 

Mobile 

New  Orleans,  La. 

150 

New  Orleans 

10 

John's  Point 

Chicago,  Ill. 

2900 

Chicago 

20 

John's  Point 

New  York,  N.Y. 

55 

New  York 

20 

Case 

3  -  Civil  Defense 

Operational  Headquarters 

NRP 

En5)lacement 

Site 

Miles 

Portsmouth,  Va. 

Norfolk,  Va. 

30 

18£ 


Igypical  Soils  Data 


The  general  foundation  conditions  encountered  at  the  sites  investi¬ 
gated  are: 

1.  Noiva3Jt,  Conn» 

(a)  Norwalk  River  at  Connecticut  Turnpike;  up  to  30  feet  of 
soft  organic  silt  extending  to  El.  -30;  underlain  by  dense  sand  and 
gravel. 


(b)  Along  Long  Island  Sound  -  sand. 

2.  Charleston.  S.C. 

(a)  Cooper  River  -  U.  S.  Naval  Shipyard,  Pew  feet  of  soft 
silt  underlain  by  still  silty  clay  marl. 

(b)  CooTCr  River  -  Coliuribus  Street  Temlnal.  approximately  one 
mile  downstream  (south)  of  Naval  Base.  Seventy  feet  of  very  soft 
organic  clay  to  El.  -80  underlain  by  hard  marl. 

3.  Norfolk.  Va. 

U.  S.  Naval  Shipyard  (Portsmouth);  soft  clayey  silt  extending 
to  approximately  El.  -50.  underlain  by  dense  shell  sand. 

San  Francisco  Bay,  Cal. 

(a)  U.  S.  Naval  Shipyard,  Hunters  Point;  very  soft  bay  mud 
to  approximately  El.  -110. 

(b)  Carqijinez  Strait,  Martinez,  Cal.  -  Shell  Refinery;  very 
soft  mud  to  approximately  El.  -80. 

5.  Hew  Orleans,  La. 

(a)  Mississippi  River,  Algiers,  adjacent  to  U.  S.  Naval 
Reservation;  soft  silty  clay  with  varyj.ng  strata  of  fine  sand. 

6.  Chicago,  Ill. 

(a)  Soft  clay  to  approximately  El. -50,  underlain  by  very 
hard  clay  and  silt. 
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7.  New  York,  H.  Y 


(a)  Hudson  River;  very  soft  organic  silt  of  varying  thickness; 
representative  depth  to  El.  -50,  underlain  by  sand  and  gravel. 
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Dwg.  1  Persomiel  Fallout  Shelter  -  One  Ship  Berthed  at  a  Pier 
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ABSTRACT 


A  study  was  made  of  the  feasibility  of  utilizing  vessels  of  the 
active  commercial  and  of  the  inactive  MARAD  reserve  fleets  as  sources 
of  -  (l)  electrical  powerj  (2)  water  distillation  plants;  (3)  facilities 
for  storage  of  fuel  or  water.  The  conclusions  indicate  that  turbine 
electric  drive  tankers  are  superior  for  all  three  purposes  with  geared 
tui'bine  drive  tankers  next  most  suitable. 

Turbine/electric  drive  passenger/ transport  vessels  have  excellent 
potential  for  power  generation.  Liberty  vessels,  under  the  assumed 
conditions,  must  be  considered  as  unsulted  for  anything  other  than 
storage  of  modest  quantities  of  fuel  or  water.  Vessels  from  the 
active  commercial  fleet  offer  the  best  potential  beca\ise  of  ready 
availability;  this  includes  the  many  comparatively  large  bulk  carriers 
operating  in  the  Great  Lakes  region. 
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REPORT  OF  INVESTIGATION 


1.  INTRODUCTICN 


1.1  UBNRDL  is  investigating  the  feasibility  of  utilization  of 
commercial  vessels  from  the  active  world  fleets  and  from  the 
MAEAD  reserve  fleets  as  sources  of  electric  power,  water 
distillation  plants,  and  for  fuel  and  water  storage.  Vessels 
of  the  active  commercial  fleet  are  assumed  to  be  in  or  near 
American  ports  during  a  local  or  national  emergency,  and  in 
ready  service  condition.  liARAD  reserve  fleet  units  are  assumed 
to  have  been  reactivated  and  placed  in  such  condition  as  would 
permit  operation  of  the  auxiliaries  required  for  the  above 
stated  services  under  minimal  conditions,  but  not  necessarily 
as  units  ready  for  seagoing  service. 

1.2  The  study  included  the  following; 

1.  Investigation  of  vessel  capabilities  to  perform  the  stated 
functions  under  emergency  conditions. 

2,  Tabulation  of  the  characteristics  of  the  various  vessels  con¬ 
sidered  including  data  pertinent  to  electric  power,  water 
distillation  and  liquid  capacities. 

2.  TYPES  OF  VESSEI^  -  GB4ERAL 

2.1  The  vessels  included  in  the  study  are  shown  in  the  accompanying 
TABLES  I  thru  IV,  which  give  the  basic  characteristics  such  as 
size,  cargo  deadweight  (or  payload  capacity  in  long  tons  of 
2240  lbs),  liquid  capacities,  and  electric  generating  and  salt 
water  distilling  capabilities. 

2.2  Basic  characteristics  of  the  commercial  passenger/transport 
vessels  included  are  shown  in  TABIjE  I,  commei'cial  tankers  in 
TABLE  II,  commercial  cargo  vessels  in  TABLE  III,  and  the  same 
types  in  MARAD  reserve  i'lect  status  in  TABLE  IV.  Other  types, 
such  as  the  Great  halves  carriers,  arc  mentioned  without  tabula¬ 
tion. 
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2.3  The  characteristics  of  the  electric  generating  plants  of  the 

same  vessels  are  given  in  the  accompanying  TABLES  la,  thru  IVa; 
data  on  the  salt  water  and  distilling  plants  are  given  in  TABLES 
Ib  thru  I7b. 

2,h  Specific  data  on  other  than  vessels  of  the  United  States  Flag 
(or  Liberian  or  Panamanian  Flags  in  the  case  of  tankers)  have 
not  been  included. 

3.  GENERAL  CONSIDERATICMS 


3.1  Vessels  from  the  active  commercial  fleets,  whether  passenger, 
tanker,  or  dry  cargo  types  have  obvious  advantages  over  like 
vessels  taken  from  the  MARAD  reserve  fleets  by  virtue  of  ready 
availability  and  in  a  great  majority  of  cases  superior  capabilities 
in  regard  to  electrical  generating  and  salt  water  evaporation 
potential. 

3.2  Active  commercial  fleet  vessels  normally  would  require  no 
extensive  preparation  and  could  be  expected  to  be  ready  for 
service  for  extended  periods  in  ein  emergency,  barring  the  break¬ 
down  of  an  important  machinery  component,  especially  when  not 
operating  at  full  normal  power  levels.  In  addition,  such  units 
could  be  moved  under  their  own  power  to  locations  where  the  need 
was  urgent,  even  with  a  minimal  crew  and  under  conditions  of  a 
local  or  national  emergency.  Tliis  is  obviously  not  the  case 
with  vessels  taken  from  reserve  fleet  status  and  placed  in  a 
condition  suitable  for  service  as  an  emergency  source  of  electric 
power,  water  evaporation  plant,  or  as  a  fuel  or  water  storage 
facility.  Also,  they  might  otherv^ise  be  unsuited  for  ocean  or 
coastal  service  under  their  own  power  (or  even  if  towed), 

3*3  TABLES  I  thru  IV  set  forth  basic  physical  dimensions  of  the 

various  type  vessels.  These  will  indicate  some  of  the  factors 
to  be  considered  when  planning  to  berth  or  anchor  a  ship,  or  to 
moor  two  vessels  (either  similar  or  dissimilar  units)  together 
to  combine  their  facilities.  Although  the  mean  light  drafts 
given  are  an  indication  of  the  depth  of  water  required  for  the 
ships  it  must  be  strongly  emphasized  that  many  vessels,  espe¬ 
cially  tankers  in  light  conditiun,  usually  have  considerable 
trim  by  the  stern.  Tliat  is,  they  draw  far  more  water  at  the 
stem  than  at  the  bow.  Full  load  drafts,  which  are  usually 
associated  with  little  or  no  trim,  should  be  kept  in  inind  when 
selecting  mooring  sites  for  vesselo-especially  tanl^ers  -  when 
they  are  to  be  employed  for  storing  large  amounts  of  water  or 
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fuel  oil.  If  utilized  as  reserve  liquid  storage  units  tankers 
will  generally  require  far  greater  depths  of  water  than  dry 
cargo  or  passenger  vessels.  Their  full  load  drafts  range  from 
30  feet  for  a  I6OOO  deadweight  ton  T-2  to  over  47  feet  for  the 
largest  more  modem  tankers. 

3.4  Regardless  of  type,  all  vessels  moored  in  open  water  will  require 
stern  anchors,  as  well  as  those  provided  at  the  bow,  to  prevent 
the  ships  from  swinging  and  turning,  thus  fouling  power  and 
utility  lines  vrhich  have  been  rigged  for  shore  connections.  Sterr 
anchors  are  not  required  on  merchant  vessels,  and  are  generallj'- 
installed  at  the  owners  option  depending  on  the  vessels  trade. 
Tlaerefore,  it  cannot  be  expected  they  will  be  found  on  all 
vessels  available  for  emergency  service.  When  installed,  the 
weight  of  a  stern  anchor  is  usually  about  only  a  third  of  that 
of  a  standard  bow  anchor. 

Depending  on  tidal,  weather,  and  current  conditions  additional 
stern  anchors  will  probably  be  required  (even  where  one  is 
presently  carried)  on  any  vessel  moored  in  open  water.  Stei’n 
anchor  windlasses  are  rare.  In  the  event  a  vossel  moored  with 
stem  anchors  must  be  shifted,  a  means  of  lifting  these  anchors 
must  be  provided.  In  some  cases  a  Jury  rig  employing  cargo 
gear,  towing  winches  (if  installed)  etc,  could  accomplish  this. 

In  others,  a  floating  crane  might  be  required.  The  latter  pro¬ 
cedure  probably  would  also  be  necessary  for  handling  bow  anchors 
on  some  MAR/UD  I’eserve  fleet  vessels  where  only  minimal  reactiva¬ 
tion  is  accomplished.  The  BE-1  type  vessels  are  fitted  vriLth 
stern  anchors. 

3*5  The  commercial  fleet  passenger/transport  types  have  excellent 
potential.  Being  in  ready  service  status  such  vessels  not  only 
could  produce  large  amounts  of  power  (especially  the  turbine 
electric  types)  and  water,  but  v^ould  be  suited  for  use  as  living 
quarters  for  large  numbers  of  persons,  would  provide  emergency 
hospital  facilities,  and  could  be  moved  under  their  own  power. 
There  are  currently  33  sea  going  passenger  vessels  in  service 
under  the  American  flag.  This  number  does  not  include  ferries, 
excursion  boats  or  passenger  veDse.ls  operating  on  The  Great  Lakes. 
It  also  excludes  transports  under  control  of  MSTS.  Qf  this 
number,  two  are  combination  cargo-passenger  ship  versions  of  the 
old  C3s;  three  are  converted  Mariners  of  the  1950  C4  type;  nine 
others  are  primarily  cargo  carriers  with  accommodations  for  52 
passengers,  and  three  are  basically  cargo  liners  carrying  120 
passengers,  A  number  of  the  larger  and  newer  vessels,  however. 
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have  significant  auxiliary  electrical  generating  capacities  and 
fresh  water  capabilities.  Of  the  33  ships  only  two  (President 
Cleveland/Wilson)  have  electric  drive  propulsion.  All  the  others 
are  geared  turbine. 

3.6  The  modem  commercial  tanker  fleet  types  also  have  excellent 
capabilities.  Modern  types  range  from  30^000  to  80,000  dead¬ 
weight  tons,  with  the  trend  continuing  upwards  to  130,000  dead¬ 
weight  tons.  Designed  for  long  voyages,  with  alternating 
current,  generating  capacities  usually  in  the  range  of  1200- 
1600  KW,  plus  standby.  Water  evaporators  are  usueilly  2  -  10,000 
gallons  per  day  units.  Most  American  owned  vessels  of  this  type 
fly  Liberian  or  Panamanian  flags.  The  following  tabulation  gives 
the  approximate  number  of  tankers  of  30^000  deadweight  tons  and 
over  in  the  world  fleet.  The  larger  sizes  are  steadily  increas¬ 
ing  in  number. 

30,000  -  ij-0,000  -  -  48o 
40,000  -  50,000  -  -  150 
50,000  -  60,000  -  -  150 
60,000  and  over  -  -  30 

3*7  The  modern  commercial  cargo  vessels  also  have  excellent  capabil¬ 
ities,  with  considerably  greater  generating  and  water  producing 
capacity  than  World  War  II  vessels.  Generating  plants  are  a-c 
and  usually  have  capacities  of  IOOO-15OO  KW,  plus  standby  of 
75-100  KW. 

3.8  All  capacities  sho\m  in  the  following  TABLES  I  thru  17,  pages 
8  tliru  12,  are  in  long  tons  of  2240  lbs. 
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CCMVERSION  TABLE 


1  Ton  fresh  water  =  269*0  gallons 

1  Ton  salt  water  =  261.9  gallons 

1  Ton  fuel  oil  =  278.5  gallons 

1  Ton  diesel  oil  =  6.63  barrels 

1  Ton  fresh  water  =  3^*0  cubic  feet 

1  Ton  salt  water  =  35*0  cubic  feet 

1  Ton  fuel  oil*  =  37.22  cubic  feet 

1  Darrel  =  k2  gallons 


*Based  on  fuel  oil  gravity  of  15  degrees  API 


NOTE!  The  "PEAK"  tanks  noted  on  the  following  tabulations 
Include  both  the  fore  peak  tanJi  (at  the  bow)  and  the 
aft  peak  tank  (at  the  stern).  Usage  varies  but  they 
can  be  voids,  or  used  as  water  or  liquid  fuel  spaces. 
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1;.  REACTIVATICW  -  MARAD  RESERVE  FLEET  TYPES 


4.1  Estimation  of  reactivation  costs  involve  a  number  of  variables, 
including  the  location  of  the  reserve  fleet,  proximity  to  and 
availability  of  repair  facilities,  the  vork  load  in  such 
facilities,  the  effectiveness  of  the  preservation  program  for 
the  specific  vessel  and  its  machinery  auxiliaries,  the  condition 
of  the  hull,  and  availability  of  spare  parts  in  the  case  of 
special  types  such  as  the  BDl  -  BEl  class, 

4.2  Assuming  that  all  of  the  various  reserve  types  are  in  the  same 
general  condition,  cost  of  reeictivation  would  be  approximately 
the  same  for  all  essentially  similar  vessels  i.e.,  (l)  single 
screw  turbine  electric  types;  (2)  single  screw  geared  turbine; 

(3)  twin  screw  double  engine  room  turbine  electric  types;  (4) 
twin  screw  double  engine  room  geared  turbine  types;  (5)  Liberty 
ship  types.  This  estimate  is  predicated  on  putting  in  good 
operation  condition,  the  boilers,  together  with  associated 
auxiliaries,  fire  and  bilge  pumps,  auxiliary  generators,  and 
evaporation  plants  on  all  vessels.  Only  on  turbine  electric 
powered  vessels  would  the  turbines  and  main  propulsion  generators 
with  their  necessary  auxiliaries  be  activated.  The  propulsion 
motor  on  turbo-electric  type,  the  turbines  on  geared  drive 
vessels,  the  main  engine  on  Liberty's,  cargo  gear  machinery, 
ventilation  systems  (other  than  in  machinery  spaces),  steering 
gear,  windlass,  galleys,  and  primary  life  saving  equipment 
would  not  be  reactivated.  Portable  fire  extinguishers  should 

be  provided  and  the  fixed  fire  fighting  systems  put  in  working 
order  where  possible.  Vessels  generally  would  not  require 
drydocking  prior  to  operation  as  electrical  power  and  distilling 
units  unless  sea  chests,  sea  valves  and  underwater  overboard 
discharges  are  badly  fouled  or  damaged. 

4.3  The  40  BDl-BEl  class  vessels  are  in  various  reserve  fleet 
locations,  and  have  not  been  operated  since  World  War  II.  These 
were  designed  as  attack  transports  and  attack  cargo  vessels, 
intended  for  shallow  draft  (about  15'  loaded)  and  were  built 
with  exceedingly  light  scantlings.  They  are  considered  unsuited 
for  commercial  service  due  to  American  Bureau  of  Shipping 
classification  restrictions.  There  are  two  in  operation  as 
school  ships,  one  for  the  California  and  one  for  the  New  York 
Maritime  Academy.  The  physical  condition  of  40  ships  which  have 
been  in  layup  for  an  extended  period  is  unknown,  and  costs  of 
previous  reactivation,  if  any,  are  also  unknown.  Reactivation 
difficulties  would  include  the  possibility  of  delay  in  obtaining 
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repair  parts  for  this  more  or  less  special  type  of  vessel.  If 
necessary,  one  or  more  vessels  not  selected  for  reactivation 
could  be  used  as  one  source  of  needed  parts.  The  same  would  be 
true  for  post- reactivation  maintenance. 

4.4  The  T-2  type  tank'.er  has  great  potential  for  generating  electric 
power,  storage  of  fuel  or  water,  and  water  purification.  The 
great  majority  of  these  have  the  "standard"  T-2  power  plant  of 
6600  shaft  horsepower;  the  so-called  "Mission"  class  have  10,0CK) 
shaft  horsepower  and  have  not  been  privately  owned.  All  are 
turbine  electric  drive.  In  addition  to  the  standard  T-2  types 
in  MARAD  reserve  status.  It  should  be  noted  that  some  operators 
of  this  type  have  such  vessels  in  layup.  A  great  many  are  in 
commercial  service.  Some  of  these  have  been  converted  to  special 
service  as  chemical  carriers  with  special  tanks.  One  is  an  edible 
liquid  foods  carrier  with  special  stainless  steel  tanks.  Some 
have  been  Jumboized  from  the  standard  l6,OCX5  deadweight  tons 
cargo  capacity  to  20,000  and  24,000  deadwei^t  tons.  Any  of  the 
MARAD  reserve  fleet  standard  T-2  type  vessels  should  be  considered 
superior  to  the  BDl-BEl  class  because  of  their  probably  better 
condition,  greater  capability  in  electric  power  generating,  and 
far  greater  liquid  storage  capacities, 

4.5  Approximately  550  T-2  Tankers,  including  both  "Standard"  and 
"Mission"  classes,  were  built  by  MARAD  during  World  War  II. 

Less  than  300  remain  today  Including  those  under  foreign  flag, 
those  in  active  condition  under  American  registry  and  those  in 
the  MARAD  reserve  fleet.  V/ar  losses,  marine  casualties,  and 
scrapping  have  accounted  for  the  balance.  Twenty-one  were 
scrapped  in  1959  and  55  in  196Q  and  the  program  of  disposing  of 
those  in  the  poorest  condition  continues.  Only  about  50  remain 
in  the  reserve  fleet;  this  is  about  2.7?o  of  the  vessels  in  the 
reserve  fleet.  As  noted  above,  a  considerable  number  of  T-2s 
have  been  "jumboized"  by  installing  new  midbodies  (i.e.,  that 
portion  containing  the  cargo  tanks)  of  greater  length  beam  and 
depth  than  the  original  sections,  thus  increasing  their  dead- 
wei^t  capacity.  The  machinery  plant,  including  electrical  and 
distillation  facilities,  however,  remain  unchanged. 

4.6  Costs  for  minimal  reactivation  of  the  MARAD  reserve  types  Included 
in  the  study,  assuming  sound  structural  hull  condition,  and 
limiting  the  work  to  those  engine  room  auxiliaries  necessary  to 
permit  operation  of  generators  and  evaporators,  are  estimated  at 
an  average  of  $325,000.00  per  vessel,  and  after  breakout  from 

the  reserve  fleet  and  towing  to  the  repair  site,  about  25 
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working  days.  Costs  for  tankers  selected  for  cleaning  of  their 
tanks  for  water  storage  will  exceed  the  above  by  perhaps  2^^, 

Complete  reactivation  would  average  3  to  i)-  times  the  above. 

5.  MAMING  OF  UTILITY  VESSEIfi 


5.1  Resell  fleet  vessels  activated  and  moored  solely  for  the 
purpose  of  producing  electrical  power  and  fresh  water  would 
probably  not  be  required  legally  to  be  inspected  by  the  Coast 
Guard,  the  Agency  that  customarily  certificates  merchant  vessels 
and  establishes  the  minimum  manning  standard  on  such  ships.  It 
is  appreciated  that  the  urgency  of  a  local  or  national  emergency 
may  be  such  as  to  preclude  concern  over  what  is  legally  required. 
It  is  Important,  however,  that  the  machinery  plants  on  these 
vessels  be  adequately  and  ccmpetently  manned  to  insure  their 
continued  and  efficient  operation  with  a  minimum  of  break  down 
in  service.  Personnel  should  be,  preferably.  Coast  Guard 
licensed  merchant  marine  engineers  and  certificated  crewman  or 
U.S.  Navy  personnel  having  experience  on  generally  similar  type 
power  plants.  The  minimum  manning  per  watch  suggested  for  each 
engine  room  is  substantially  that  required  by  the  Coast  Guard  on 
inspected  vessels,  viz;- 

1-  Licensed  engineer 
1-  Pi reman/ water tender 
1-  Oiler 

5.2  p-2  and  BDl  transports  having  two  complete  and  independent 
machinery  spaces  will  require  double  the  number  listed  above. 
Each  vessel  should  have  a  chief  or  supervising  engineer  with 
overall  responsibility  for  the  power  plant.  One  chief  engineer 
could  probably  supervise  more  than  one  vessel  if  moored  in  close 
proximity  to  one  another.  In  general  the  manning  of  a  single 
engine  room  vessel,  based  on  a  three  watch  operation,  would  be 

4  engineering  officers  and  6  engine  crewmen,  a  total  of  10  men 
in  the  machinery  space. 

5.3  Tlie  need  for,  and  number  of,  deckcrew  would  depend  on  several 
factors;  security  of  the  vessel  if  mooi’ed  at  anchor;  need  for 
line  handling  if  berthed  at  a  dock  in  areas  having  a  significant 
tidal  range;  need  for  line  handling  due  to  change  in  draft  and 
trim  resulting  from  off  loading  large  amounts  of  water  or  fuel 
oil,  and  need  for  personnel  to  assist  in  water  and  fuel  transfer 
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operation  -  if  applicable.  The  deck  crew  could  range  from  a 
minimum  of  1  to  possibly  4  or  5* 

6.  ELECTRICAL  POWER  GENERATICN-DISTRIBUTICK 


6.1  In  reviewing  the  characteristics  of  the  various  merchant  type 
commercial  vessels,  and  comparing  the  modem  cargo  ships  with 
those  in  the  MARAD  reserve  fleet,  two  significant  differences 
stand  out  which  are  of  interest  in  this  study.  One  concerns 
electrical  power  generation;  the  other,  methods  of  producing  and 
asing  fresh  water.  (The  latter  is  discussed  in  Section  7*) 

6.2  At  the  time  the  majority  of  the  MARAD  reserve  fleet  was  designed 
electrical  engineering  technology  had  not  yet  satisfactorily 
solved  all  the  problems  associated  with  alternating  current  when 
used  to  drive  cargo  winches,  windlasses  and  various  other  ship¬ 
board  machlneiy.  Accordingly,  most  of  these  ships  have  steam 
driven  winches  and  auxiliaries.  Electrical  power  requirements 
were  limited  to  shipboard  lighting  and  miscellaneous  electrical 
equipment.  The  generating  capacities  therefore  are  generally 
modest,  and  the  voltage  usually  24o/l20  d-c.  Modern  cargo  ships 
on  the  other  hand  use  primarily  A-C  motors  for  virtually  all 
deck  machinery  and  many  auxiliaries,  hence  are  provided  with 
generating  plants  of  considerable  capacity.  As  an  example,  the 
new  Pacific  Far  East  Line  Mariners  (c4-S-lt)  class  can  produce 

a  total  of  2150  KW,  450  volts,  A-C  electrical  energy. 

6.3  Liberty  (EC2-S-C1)  ships,  which  make  up  over  half  of  the  MARAD 
reserve  fleet  (985  of  this  class  as  of  December  1962)  have  a 
total  generating  capacity  of  only  60  KW,  120  volt,  D-C.  With 
this  meager  capacity,  these  ships  are  of  no  significant  value 
as  a  source  of  electrical  power. 

6.4  The  exceptions  to  this  rule  in  the  MARAD  fleet  are  the  turbo 
electric  drive  T-2  tankers  and  certain  transports  (P2  and  BDl) 
with  similar  type  propulsion.  They  have  very  significant  useable 
generating  capacities.  Two  T-2  tankers  (Donbass  at  Eureka, 
California,  and  Sacketts  Harbor  at  Anchorage,  Alaska)  served  very 
successfully  for  a  n'um’ber  of  years  as  major  sources  of  electrical 
power  when  connected  with  shoreside  municipal  utility  facilities. 
The  "Mission"  class  T-2  tankers  can  produce  up  to  a  maximum 
capacity  of  689O  KW,  3500  volt,  60  cycle,  A-C,  plus  1600  KW,  450 
volt,  60  cycle  A-C.  There  are  8  "Admiral"  class  electric  drive 
P-2  (see  Table  1-A)  all  transports,  of  which  only  one  is  presently 
laid  up.  Seven  are  being  operated  by  MSTS. 
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In  the  event  they  were  not  needed  for  transport  duty  during  an 
emergency,  they  would  be  capable  when  moored  of  delivering 
substantially  all  of  their  high  voltage  power  for  use  cishore 
without  effecting  their  capability  to  serve  as  hotel  or  hospital 
facilities  suitable  to  accommodate  large  numbers  of  people. 

6.5  The  BDl-BEl  class  of  vessels  are  turbine  electric  drive.  These 
are  twin  screw,  with  2  sepeirate  engine  rooms.  Main  generator 
data  follows: 


Normal 

Maximum 

At  60  Cycles 

KW 

2310 

2550 

1510 

Speed 

4800 

4950 

3600 

Phase 

3 

3 

3 

Cycles 

80 

82-1/2 

60 

Volts 

2i4o 

2210 

1310 

Amp 

660 

660 

660 

Power  Factor 

1.0 

1.0 

.80 

There  are  2  auxiliary  generators,  each  312  KVA,  450  volts,  400 
amps,  60  cycle.  Fuel  consumption  is  about  the  same  as  the  T-2, 
in  terms  of  kilowatt  hours  per  barrel  of  fuel.  One  of  the 
auxiliarj''  generators  would  be  required  for  plant  operation. 

The  other  unit  could  be  utilized  as  a  source  of  power  to  shore, 
and  as  a  standby  unit  for  ship  generation  when  needed.  As 
shown  in  the  tabulation,  operation  of  the  main  generators  at  a 
frequency  of  60  cycles  is  operationally  possible,  but  a  loss  of 
about  4l^  in  kilowatt  output  and  voltage  results. 

6.6  The  characteristics  of  the  auxiliary  generators  and  the  emergency 
generators  installed  on  the  various  vessels  are  shown  in  the 
accompanying  tabulations.  The  output  of  one  of  the  auxiliary 
generators  should  be  retained  for  ship  plant  operation,  the 
output  of  the  remaining  one  (or  more)  could  be  diverted  to  shore 
use.  Where  capacity  of  the  emergency  unit  warrants,  this  could 
also  be  diverted  to  shore  use.  On  some  vessels,  where  generator 
capacity  is  abnormally  large,  the  normal  generated  power  in 
excess  of  the  ship  plant  requirements  could  also  be  diverted  to 
shore  use. 

6.7  For  shore  power  use,  most  voltages  will  have  to  be  increased  by 
transformers  to  be  useable.  The  most  general  and  useable  dis¬ 
tribution  voltage  for  use  ashore  is  at  least  12  KV;  however 
distribution  voltages  ranging  from  2.3  KV  to  66  KV  might  be 
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encountered,  depending  upon  geographical  location.  Turbine 
electric  drive  vessels  which  can  generate  2200  to  3500  KV  could 
be  directly  coupled  (without  transformers)  to  very  small  dis¬ 
tribution  systems,  but  in  general  power  transformers  will  be 
required  to  convert  to  higher  voltages.  A  typical  usage  of  this 
tj'pe  vessel  would  be  the  P.G.&E.  operation  of  the  stem  of  the 
T-2  tanker  Donbass  at  Eureka,  California.  This  power  plant  was 
used  successfully  as  a  power  source  and  was  operated  2h  hours  a 
day.  The  net  output,  without  the  2-iKX)  KW  auxilieiry  generator 
was  4900  KW  at  23OO  volts,  60  cycles.  This  power  was  converted 
to  12  KV  before  distribution.  Fuel  consumption  for  this  ^900 
KW  average  37^  kilowatt  hours  per  barrel  of  fuel. 

6.8  Ships  that  produce  450  V  a-c  power  could,  in  instances  where  the 
mooring  is  close  to  a  vital  plant,  be  directly  coupled  to  the 
plant  secondary  distribution  panels  without  need  for  transformers. 
For  most  applications  however,  transformers  to  convert  to  higher 
distribution  voltages  will  be  necessary. 

6.9  The  older  geared  Turbine  drive  vessels  generate  direct  current 
power.  This  power,  except  for  very  special  applications,  will 
have  to  be  converted  by  motor  generator  sets.  Transformers  will 
also  be  required  to  convert  to  distribution  voltages. 

6.10  As  indicated  above,  the  power  generated  by  the  vessels  studied 
will  require  conversion  to  higher  distribution  voltages.  Major 
utility  companies  have  portable  unit  substations  which  can  accept 
several  voltage  ranges  emd  which  are  capable  of  switching  eind 
transforming  the  voltages  to  the  various  system  voltages.  Those 
voltage  ranges,  however,  are  all  very  high  so  that  shipboard 
voltages  would  have  to  be  put  thru  transformers  either  aboard 
ship  or  ashore  before  they  could  be  converted  by  the  portable 
substations.  Being  integrated  units  with  high  voltage  switching 
capabilities,  these  mobile  substations  would  be  of  great  value. 
Where  a  vessel  can  be  moored  adjacent  to  shore,  the  transformers 
required  to  convert  power  to  the  range  required  can  be  placed 
either  ashore  or  on  the  vessel.  Where  the  vessel  must  be  moored 
off-shore  the  transformers  would  normally  be  placed  aboard. 
Conductors  to  bring  power  from  the  ship  to  shore  need  not  be  of 
the  type  nonnally  associated  with  marine  applications.  These 
might  be  of  the  newer  types  used  in  commercial  practice,  and 
placed  either  on  the  bottom  or  carried  along  the  surface  on 
floats.  In  addition  to  the  transformers  and  conductors,  de¬ 
livering  power  to  shore  will  require  installation  of  the 
necessary  switchgear,  regulating,  and  Indicator  devices  to  suit 
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the  particular  vessel  involved.  Operationally,  it  will  be 
necessary  that  the  watch  engineers  be  familiar  with  parallel 
operation  of  generators,  which  in  all  cases  will  involve  at 
least  one  ship  generator  and  the  shore  plants. 

6.11  Fuel  consumption  for  electrical  power  generation  is  estimated 
as  follows:  For  turbine  electric  drives,  the  main  generators 
at  about  375  kilowatt  hours  per  barrel  of  fuel;  for  auxiliary 
generators  on  geared  turbine  drives  at  about  250  kilowatt  hours 
per  barrel  of  fuel. 

6.12  Given  a  ship  in  port,  moored,  lifting  only  being  provided  by  the 
emergency  generator,  euid  the  boiler  plant  in  a  "cold"  condition, 
about  8  hours  would  be  required  to  deliver  the  full  generation 
power  capabilities  of  such  a  ship. 
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AVAILABLE  FOR  SHORE  u5&  800  lew  800»^100  kw  BOO  kw  400 
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1000  lew  1200  kw 
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5400  kw  7000  lew  3®°°  1200  lew 


7.  WATER  PURIFICATION  -  STORAGE 


7.1  In  the  1930's  and  early  1940,  when  most  of  the  MARAD  resei've 
fleet  was  designed,  it  was  customary  to  segregate  the  fresh 
water  supply  into  potable,  distilled,  wash  and  reserve  feed 
systems  and  to  carry  relatively  large  amounts  of  water.  On 
these  types,  both  salt  water  evaporators  and  distillers  were 
provided.  The  function  of  the  latter  is  the  distillation  of 
raw  fresh  water  for  greater  purity;  the  rated  capacities  of 
these  units  as  shown  in  the  accompanying  tabulations  are  based 
on  such  service.  These  capacities  are  customarily  reduced  50^ 
if  these  units  are  placed  in  salt  water  service. 

7.2  The  current  trend  is  to  have  water  for  all  purposes  stored  in 
common  tanks  and  to  rely  more  heavily  on  evaporators,  thus 
reducing  the  amount  of  fresh  water  carried.  Feed  water  require¬ 
ments  are  met  by  redistilling,  for  greater  purity,  water  from 
the  common  source. 

7*3  It  is  probable  that  the  present  condition  of  evaporator  plants  on 
many  of  the  laid  up  ships  is  far  from  optimum.  They  canriot, 
therefore,  in  all  cases  be  expected  to  produce  at  their  rated 
capacity.  The  fact  that  scaling  and  corrosion  properties  of 
harbor  water  are  generally  worse  than  ordinary  sea  water  will 
contribute  further  to  diminish  the  output. 

7.4  Although  the  laid  up  T-2  tanl'.ers  have  considerable  capacity  for 
storing  liquids,  extensive  tank  cleaning  would  be  required  in 
many  cases  to  m^e  suitable  for  storage  of  potable  water. 

Ideally,  they  should  be  sand  blasted  and  given  a  cement  wash. 

Should  extreme  circumstances  not  permit  carrying  out  work  of 
this  type,  they  should  at  least  be  steam  washed  using  the  ship's 
Butterworthlng  system  and  the  scale  and  debris  manually  removed 
from  the  bottom  of  tanks. 

7.5  Many  of  the  modern  tankers  and  a  few  T-2s  in  active  service  have 
exotic  coatings  on  their  cargo  tanks  which  should  be  relatively 
easy  to  clean  and  moJ^e  acceptable  for  emergency  water  storage. 

A  few  special  service  ships  and  a  number  of  the  nev/  Mariners 
have  stainless  steel  clad  tardcs  and  are  particularly  well  adapted 
for  this  service  although  the  capacity  of  these  tanks  on  the 
Mariners  is  small  (430,000  gallons)  compared  to  tanker  capacities. 
One  active  modified  T-2  ta.nker,  Angelo  Petri,  is  fitted  with 
stainless  steel  cargo  tanks,  flush  plated  inside,  having  a  total 
capacity  of  2,5000,000  gallons.  This  vessel  which  carries 
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primarily  editle  products  would  be  ideal  for  water  storage  in 
addition  to  its  ability  to  generate  electrical  power  if  its 
unique  design  and  facilities  did  not  render  it  more  valuable  for 
other  ser'/ices, 

7.6  Of  the  62  Liberty  ship  tankers  (Z-ET1-S-C3)  built  during  World 
War  II  only  two  remain  in  the  MARAD  fleet.  Both  are  distilling 
vessels  converted  by  the  Navy  for  that  purpose.  S.S.  NORMAN 

D.  PEDRICK,  ex  USS  Stagg,  AWl,  is  laid  up  in  the  James  River; 

S.S.  LECN  GODCHAUX,  ex  USS  Wildcat,  AW2,  is  in  the  Astoria, 

Oregon  reserve  fleet.  They  would  be  invaluable  as  emergency 
water  producers  but  cannot  be  counted  on  as  a  source  of  electrical 
power  as  previously  noted.  Each  is  fitted  with  3  -  20,000  gallon 
per  day  evaporator  units. 

7.7  'BABLES  IB  thru  IVB  indicate  average  capacities  of  the  evaporator 
and  distilling  plants  presently  installed  aboard  the  ships  being 
considered.  The  source  of  energy  is  boiler  fuel  oil  in  all  cases. 
Shipboard  storage  tank  capacities  will  be  found  elsewhere  in 
this  study. 

7.8  "nie  tabulated  daily  output  must  be  regarded  as  representing 
distilling  plant  capability  under  ideal  conditions,  which  would 
bej  sea  water  temperature  850F  evaporators  in  cleantube  condition; 
pumps,  other  auxiliaries,  salinity  indicator-alarms,  piping 
systems,  etc.  in  good  working  order;  clean  sea  water  as  feed- 
water,  and  experienced  operators  in  attendance.  All  units, 
including  standbys,  would  be  continuously  operated.  Average  or 
normal  output  would  fall  below  the  maximum  by  about  30  per  cent. 
The  reduction  allows  for  normal  progressive  build-up  of  scale  in 
the  evaporators  and  minor  malfunctioning  of  pumps,  etc.  Output 
would  be  reduced  by  operation  in  a  harbor  contaminated  by  oil 

or  other  volatile  substances. 

7*9  Any  distilling  unit  would  be  shut  down  necessarily  at  intei^alo 
of  30  to  50  days  or  more  in  order  to  remove  scale  and  accomplish 
repairs.  For  high  pressure  units,  this  would  be  necessary  at 
more  frequent  intervale.  The  frequency  and  dui'ation  of  down¬ 
time  would  depend  upon  the  initial  condition  ol'  the  unit, 
operating  steam  pressure  and  temperature,  degree  of  feedwater 
Balinity  and  oll-contamlnation,  and  the  amount  of  care  taken  to 
prevent  scale  formation.  The  insteC-latlon  of  HAGEVAP  units  on 
low  pressure  evaporators  would  permit  continuous  operation 
without  down-time  for  scaling  and  cleaning. 
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7.10  Limitations  to  continuous  operation  would  te  confined  to  the 
unlikely  possibility  of  concurrent  failure  of  all  units  of  a 
ship's  distilling  plant.  Inasmuch  as  low-pressure  evaporators 
and  distillers  are  designed  for  continuous  operation  no  unusual 
over-heating  problems  should  occur.  Maximum  efficiency  is 
obtained  when  operating  at  relatively  low  steam  pressure  and 
temperature.  Maximum  capacity  is  obtained  (in  terras  of  water/ 
fuel  ratio)  when  operating  at  hl^er  steam  pressure  and  tempera- 
However,  at  higher  temperatures  scale  builds  up  much  more 
rapidly  and  will  be  of  the  hard  "porcelain"  sulfate  type  rather 
than  the  more  easily- removed  soft  carbonate. 

7.11  Distilling  plant  output  per  barrel  of  fuel  oil  will  vary  widely 
as  between  turbine  electric  drive  and  gewed  turbine  vessels. 

In  the  first  instance,  the  evaporators  can  be  operated  using 
steam  extracted  from  the  main  turbine,  while  in  the  latter  case, 
auxiliary  steam  is  used.  For  single  effect  plants,  output  per 
barrel  of  fuel  oil  will  average  about  375  gallons  on  geared 
turbine  electric]  for  double  effect  plants,  about  800  gallons 
and  1700  gallons,  respectively. 

7.12  Almost  all  commercial  vessels  have  low  pressure  evaporators. 
Water  produced  by  such  units  from  contaminated  harbor  waters 
cannot  be  considered  potable,  hence  vessels  Intended  for  opera¬ 
tion  in  such  areas  will  require  chlorinating  equipment  for  water 
purification. 

7.13  General  service  pumps  presently  installed  on  the  vessels  could 
be  utilized  to  provide  ship-to-shore  pumping  in  addition  to  the 
normal  fresh  water  pumping  capacity. 
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Distiller  at  50%  of  tabulated  raw  water  capacity. 


«  I  •  * 

m  ^  »n  ^ 


2?ft 


DiatiHer  mt  50*  o£  Ul)al«ted  raw  water  capacity. 


2?9 


Distiller  mz  50%  of  tabulated  rav  water  capacity. 


8.  COMCLUSiaW 


8.1  Vessels  from  the  active  commercial  fleet  offer  the  best  potential 
as  sources  of  emergency  electric  power  and  for  water  purification. 
Reactivation  of  older  vessels  from  the  MARAD  reserve  fleets  is 
feasible  from  an  engineering  standpoint,  but  except  for  types 
with  turbine  electric  drives  reactivation  and  post-reactivation 
operating  and  maintenance  costs,  because  of  the  relatively  small 
amounts  of  electric  power  made  available,  create  doubt  as  to 
economic  feasibility. 
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